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Municipal Loads, December, 1939 
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Hydro’s Progress and 
Preparedness 


By Dr. T. H. Hogg, Chairman and Chief Engineer, 
The Hydro-Electric Power Commission of Ontario 


OTWITHSTANDING _ the 
tense European situation, 
which over-shadowed  ac- 
tivity everywhere, the fis- 
cal year of The Hydro-Electric Power 
Commission of Ontario, which ended 
October 31, 1939, was a year of en- 
couraging progress. Towards the lat- 
ter part of the year, it became in- 
creasingly evident that the recession 
of 1938 had apparently passed and 
peaceful industry was making pro- 
gress towards better times. 
Evidence of the increasing indus- 
trial activity throughout the province 
was reflected in increasing power 
loads. In fact, for some months prior 
to the declaration of war, Hydro ex- 
perienced substantial increase in 
loads, and not Hydro alone, but other 
electric supply organizations across 
Canada. Since the war started these 
increases in load have not only con- 
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tinued, but have been augmented as 
plants manufacturing war materials 
here gradually increased their pro- 
duction. 

It will be remembered that, due to 
the business recession of 1938, the 
primary power demand of the large 
Niagara system was virtually the 
same in October, 1938, as in October, 
1937. But in October, 1939, the cor- 
responding power demand of the Nia- 
gara system reached 1,228,000 horse- 
power, an increase of 142,000 horse- 
power or 13 per cent, as compared 
with October, 1938. 

Other co-operative systems of the 
Commission recorded substantial in- 
creases in load, as well as the North- 
ern Ontario Properties, to which 
more detailed reference is made else- 
where in this issue. 

The aggregate primary loads of the 
co-operative systems and the North- 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discus- 
sion of “Hydro” matters and to main- 
tain the co-operative spirit between 
municipalities, as well as between 
municipalities and the Commission. 
Articles of interest are invited for 
publication. 


ern Ontario Properties increased 
from 1,484,615 horsepower in Octo- 
ber, 1988, to 1,669,337 horsepower in 
October of the current year, a gain 
of 12.4 per cent. The primary load 
trend, which had shown a negligible 
rise in the previous year, started to 
point upwards at the close of 1938 
and since has steadily gained ground. 
In the co-operative systems, com- 
mercial, domestic and rural demands 
have largely contributed to the up- 
ward trend, further aided in the last 
two months of the Commission’s fiscal 
year by increases in industrial de- 
mands. 


The total load in October, 1939, for 
all co-operative systems and _ the 
Northern Ontario Properties, includ- 
ing both primary and secondary loads, 
was 1,963,471 horsepower, the high- 
est ever carried by the systems of the 
Commission and 7.2 per cent above 
the October peak of 1938. The total 
consumption of energy for all sys- 
tems, including both primary and 
secondary power, amounted to 8,502,- 
000,000 kilowatt-hours, being 12.1 per 
cent in excess of that consumed in 
the previous year. This means that 
the greater portion of the Commis- 
sion’s power reserves, especially in the 
large Niagara system, found a ready 
sale in the secondary power market 
during the year. 

The following table shows for the 
months of October, 1938, and October, 
1939, the primary peak load of the 
co-operative systems and of the sev- 
eral districts of the Northern Ontario 
Properties. The accompanying graph 
shows for the past two years, the 
monthly primary peak loads of all 
systems combined. 


REVENUES AND EXPENDITURES 

The financial results of the Com- 
mission’s operations continued to be 
affected during the first half of the 
fiscal year ended October 31, 1939, by 
the industrial recession of 1938. In 
its effect on revenue, this recession 
was more severely felt during the 
early months of 1939 than during 
1938. The revenue from sales of 
primary power to companies served 
by the Niagara system was about 10 
per cent less during the first nine 
months of the 1938-1939 fiscal year as 
compared with the corresponding 
period 1937-1938. The recession also 
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DISTRIBUTION OF PRIMARY POWER TO SYSTEMS 


20-Minute Peak Horsepower—System Coincident Primary Peaks 


System 
Niagara—25-Cycle system 
» —D.P. & T. division 
Georgian Bay 
Eastern Ontario 


TUTTO ET OV ee le her ele tt 
Manitoulin rural power district .................. 


Northern Ontario Properties: 


ONT OISSIEG F CIGULICO) CM ics cto 


Sudbury ie 
Abitibi ds 


retarded materially the normal in- 
crease of power requirements by mu- 
nicipal utilities in these months. 

Loss of revenue from primary 
power sales during this period was, 
however, largely offset by increased 
sales of secondary power and by mod- 
erate adjustments in interim rates 
to a few municipalities. In the clos- 
ing months of the year a sharp up- 
turn of demands also occurred. The 
net result of these factors was an in- 
crease of about $1,900,000 in revenue 
of the Niagara and other co-operative 


eecencsscccassesocessaenencncnccscecoses. 


enon cm ew enema enw oemce sre w cc mnccccnne: corer cereerncccseeewenaases 


October October 

1938 1939 
pee, Sa Ae 1,040,214 1,171,582 
bei cere ht 46,515 56,970 
Die Peee A is 30,891 34,756 
baat i eS 128,586 141,908 
‘oo ad Sesh sl 93,606 96,160 
Leek Seat ae 205 2410 
MRR tr PN 4,857 5,188 
A OS 17,895 19,740 
ee ake. 113,160 130,968 
1 Ve EE te 8,686 11,792 
eo ESL ee 1,484,615 1,669,337 
systems of the Commission,—an 


amount sufficient to meet the cost of 
scheduled increases in purchased 
power, the costs of general extensions 
of service throughout the systems, 
and also the special costs occasioned 
by the war-time civil security neces- 
sities. 

Despite the difficult circumstances 
encountered, it is anticipated that the 
Commission will be able to set aside 
for its various reserves an aggregate 
amount nearly equal in total to that 
made in respect of 1988. | 


ESTIMATED SUMMARIZED OPERATING RESULTS OF THE NIAGARA, GEORGIAN Bay, 
EASTERN ONTARIO, AND THUNDER BAy SYSTEMS AND ALSO 
NIPISSING, SUDBURY AND MANITOULIN RURAL 
POWER DISTRICTS 


UCL CURA mR Rent Ri eth re i AU RUM OV Se bal Macs iy a tayert che coe snegustn esta rior oseenyce $32,521,000 

Operation, maintenance, power purchased, administration and 
PTLUCTOSt PO RTIENC ESAS ore eeneg ech te... erin ash sedge ee thie ls $26,687,000 
Provision ror -cepreciation, aud sinking fund... tesa ncadite i ct 5,106,000 
$31,793,000 


Balance available for contingencies, rate stabilization, etc. 0... $ 728,000 
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Primary peak loads, all systems combined. 


REDUCED CAPITAL EXPENDITURE 

Extensions to generating stations, 
transmission lines, rural distribution 
networks, storage works, etc., during 
the year necessitated a capital ex- 
penditure of about $9,334,000 as com- 
pared with nearly $11,000,000 in the 
previous year. Of this amount, more 
than half was incurred for the exten- 
sion of service in rural power dis- 
tricts to which the Government con- 
tributed a grant-in-aid of $2,485,000. 
In the co-operative systems, apart 


from rural extensions, the chief capi- 
tal expenditures were incurred for 
general extensions and additions to 
transmission lines and to transformer 
stations. In the Northern Ontario 
Properties, an extension to the Ear 
Falls development involved an ex- 
penditure of about $520,000. Other 
capital expenditures incurred in 
Northern Ontario were chiefly for ex- 
tensions to transmission lines and 
transformer stations feeding mining 
properties. 
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ESTIMATED CAPITAL ADDITIONS 
Year Ending October 31st, 1939 


INT AG APAESY GLONAM. rete tems hc) 8 a 
SreOr Clans Daves y GUC ge ot eet 8 
astern OnltarioesyStem sac. 262th... 
POU Chea ves Stella. «aa een A 
Manitoulin and Nipissing rural power districts 
Northern Ontario Properties ........................ 


REDUCTIONS IN RATES TO CONSUMERS 

In making its annual review of the 
operations of the local Hydro utili- 
ties, the Commission was able, in 
1939, to recommend reductions in 
rates to a large number. 

Out of 320 municipal utilities con- 
cerned, the consumers in 154 received 
reductions in rates which in the 
aggregate will result in an annual 
saving of about $167,000. A few 
small increases in rates were neces- 
sary in eight municipal utilities but 
the aggregate increased annual cost 
was less than $12,000. 

In addition to the annual adjust- 
ments in rates to consumers, accumu- 
lated surpluses of certain utilities 
were reduced by refunds to individual 
consumers. These refunds amounted 
in all to nearly $210,000. Cash re- 
funds to municipalities for municipal 
services, chiefly street lighting and 
waterworks, aggregated a further 
$147,000. It will be seen, therefore, 
that the finances of the local Hydro 
utilities continue in a healthy state. 

EXTENSIONS IN RURAL POWER 

DISTRICTS 

Applications for rural electrical 

service throughout the Province dur- 
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659,000 


32,000 


$6,849,000 
2,485,000 


$9,334,000 


ing 1939 equalled the annual records 


established the preceding two years. 


In all, more than 13,000 consumers 
were added to existing districts, ne- . 
cessitating the construction of 2,300 
miles of primary lines. It is antici- 
pated that this demand for service in 
established rural power districts will 
continue on a similar scale during the 
year 1940, and that much new rural 
territory in northern Ontario will be 
served during the coming year. 

The load required to serve these 
rural systems is increasing rapidly. 
The aggregate load supplied to all 
rural power districts during 1939 
amounted to 61,634 horsepower, an 
increase of 15.5 per cent over the year 
1938. 

SALES PROMOTION 

During 1939, the Commission in- 
creased its sales promotion activities 
for the benefit of the municipalities 
which it serves. Under the guidance, 
and with the assistance of the Com- 
mission, a large number of the muni- 
cipal utilities throughout the Province 
in turn increased their efforts to add 
to the uses of electricity made by their 
customers with very © successful 
results. 
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The programme for the year com- 
bined advertising with direct field 
effort, promoting the further uses of 
electric power, in agriculture, indus- 
try, commerce and the home. Inter- 
esting and worthwhile features were 
the domestic appliance campaign dur- 
ing the early summer months, the 
commercial lighting surveys and the 
farm demonstrations in the rural 
areas. It is estimated that these pro- 
motional activities have added, over 
and above the normal increase, more 
than 16 million kilowatt-hours to the 
annual energy consumption of the 
Province. 


During the coming year, the Com- 
mission’s Sales Promotion Depart- 
ment will render its major service 
in industry by assisting plants to 
utilize Hydro power economically and 
efficiently and by further assisting 
new manufacturers to establish opera- 
tions in Ontario. 


WAR EFFORTS 

No review of the past year’s opera- 
tions would be complete without refer- 
ence to the steps taken to ensure that 
Hydro power will be available in 
ample quantities to enable Ontario to 
make its maximum contribution to the 
war efforts of Canada. 


There are three main fields in which 
additional Hydro power can be used 
to expedite war-time production of 
needed supplies; first—in the mining 
fields of northern Ontario; second— 
in the manufacturing industries of 
southern Ontario; third—in the elec- 
tro-chemical and electro-metallurgical 
industries. 


War today is largely fought with 
machines made of metals and alloys. 


The production of nickel and copper, 
important war metals, has increased 
greatly in northern Ontario during 
recent years. Gold also may be con- 
sidered a war metal of great impor- 
tance and the spectacular growth in 
its production in Ontario, making a 
substantial contribution to the Domin- 
ion’s financial strength, has been 
greatly fostered by low-cost Hydro 
electrical service. To-day, the re- 
serves of hydro-electric power actu- 
ally developed in northern Ontario 
are sufficient for normal growth for 
two years and many easily developed 
sites are available throughout the 
north. 

The second field in which Hydro 
power may be needed in increasing 
amounts is in connection with the 
manufacturing industries of southern 
Ontario. Here the contract provi- 
sions made for increased supplies of 
purchased power would have taken 
care of normal growth in load for 
two years ahead. Deliveries of this 
power may, however, be advanced to 
meet war demands. 


The third field in which Hydro 
power can be used to stimulate war 
production is in the electro-chemical 
and. electro-metallurgical industries 
which supply many war-time needs. 
In this field the Commission can sup- 
ply large amounts of at-will or sec- 
ondary power without increasing its 
system capacity. 

For the immediate future, there- 
fore, there is ample power available in 
all districts to enable Ontario’s war 
effort to be speeded up and maintained 
at a greatly enhanced level. During 
the past year many steps have been 
taken and plans made to insure that 
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this situation shall continue no mat- 
ter what eventuates. 

One important step taken was the 
passing by the Provincial Legislature 
of The Power Control Act. Under 
this Act The Hydro-Electric Power 
Commission of Ontario is given au- 
thority to regulate and control the 
generation, transformation, transmis- 
sion, distribution, supply and use of 
all power in the Province. In brief, 
the object of this legislation is to give 
the Commission the necessary au- 
thority to regulate Ontario’s power 
supplies so that they may make the 
maximum contribution to its war- 
time effort. 

The Commission is also strengthen- 
ing weak links in its extensive trans- 
mission systems by the construction 
of two or three strategic interconnect- 
ing and transmission lines of impor- 
tance, both in eastern Ontario and 
in the western portion of the Niagara 
district. Careful consideration is 
also being given to industrial war 
demands, and continuous surveys are 
being made of industrial requirements 
in order to anticipate, if possible, any 
exceptional demands for war supplies 
of power, in order that all plants at 
present working on munitions, or 
likely to be doing so in the near fu- 
ture, may be guaranteed an adequate 
and reliable power service whenever 
and wherever it may be required. 


* * * * 


HYDRO’S PROGRESS IN 
NORTHERN ONTARIO 
During the past year progress in 
the northern Ontario mining fields 
has continued the phenomenal growth 
experienced for several years. This 
growth has resulted in a great in- 
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crease in the demand for Hydro 
power. From October, 1938, to Octo- 
ber, 1939, the total primary load in 
the districts served by the Northern 
Ontario Properties rose from 145,000 
horsepower to 168,000 horsepower, an 
increase of 16 per cent; this followed 
increases of 19.6 per cent in 1938 and 
19.7 per cent in 1937. The total in- 
crease in primary load of the North- 
ern Ontario Properties during the 
past four years has exceeded 100,000 
horsepower or more than 150 per 
cent. These figures include munici- 
pal loads in northern Ontario but do 
not include the loads sold in the 
Beardmore and Longlac mining areas, 
which are supplied by the Thunder 
Bay system. The actual increase in 
the total load sold to mining compan- 
ies during the fiscal year was 23,801 
horsepower, from 127,986 horse- 
power to 151,787 horsepower or 18.6 
per cent. 


FINANCIAL OPERATING RESULTS 

The revenues and expenditures of 
the Northern Ontario Properties in- 
creased considerably during the fiscal 
year. As compared with the previous 
year, revenues, estimated at $4,179,- 
000, are up nearly 23 per cent., while 
expenditures, at $2,153,000, increased 
about 10.5 per cent. Reserves for de- 
preciation and sinking fund were $1,- 
469,000, compared with $1,269,000, 


‘and the balance available for contin- 


gencies, etc., totals $557,000 as com- 
pared with $185,000 in 1938. 

The districts served by the North- 
ern Ontario Properties are scattered 
over wide areas of northern Ontario 
and long transmission lines have been 
built to connect these districts with 
the various sources of hydro-electric 
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ESTIMATED SUMMARIZED OPERATING RESULTS OF THE 
NORTHERN ONTARIO PROPERTIES 


Revenue 


$4,179,000 


Operation, maintenance, power purchased, administration and 


interest.Cxpenses!.0 Hees 
Provision for depreciation and sinking LU ~......eencseeecccceeeeeesseeeesnetsceneeenee 


Balance available for contingencies, CbC) ..2.2 cise ee 


power. Owing to the great distances 
involved, it is not economically prac- 
ticable at the present time to weld 
the whole of the transmission net- 
works of the Northern Ontario Prop- 
erties into one physical entity. As 
time goes on, however, and more min- 
ing areas are developed at _ inter- 
mediate points, it is certain that in- 
terconnection of the districts will be 
accomplished to a greater degree. 
During the past year, for example, the 
Patricia and St. Joseph districts, 
which obtain their power supplies 


$2,153,000 
1,469,000 


$3,622,000 


$ 557,000 


and thus to reinforce each other, pro- 
viding a more reliable service. 

Similarly in the Nipissing and Sud- 
bury districts, interconnection has 
been arranged between the power 
plants on the South river serving the 
Nipissing district and those on the 
Wanapitei river serving the Sudbury 
district with 60-cycle power. 

The following table shows for the 
months of October, 1938, and October, 
1939, the primary peak loads of the 
several districts of the Northern On- 
tario Properties. 


DISTRIBUTION OF PRIMARY POWER TO NORTHERN ONTARIO PROPERTIES 
20-Minute Peak Horsepower—District Coincident Primary Peaks 


System 

Northern Ontario Properties: 
Nipissing district 
Sudbury district 
Abitibi district 


from the Ear Falls and Rat Rapids 
developments, have been connected by 
a transmission line extending from 
Uchi to Crow river, a distance of 113 
miles. This connecting link enables 
the two developments, Ear Falls and 
Rat Rapids to be operated in parallel 


October October 

1938 1939 
3 fe 5 months excel 4,857 5,188 
a tarde ease, 17,895 19,740 
es oe ee 113,160 130,968 
it ete Se eae 8,686 Dieta 
2g. seen a eee 144,598 167,688 


The increased load sold to mining 
properties in 1939 over 1938 for the 
Abitibi district, including the mining 
camps at Porcupine, Kirkland Lake, 
and Larder Lake, Matachewan, Ra- 
more and Sudbury was 20,108 horse- 
power. The increased load sold in 
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1939 in the Patricia-St. Joseph dis- 
- trict, which includes the Red Lake, 
Woman Lake and Pickle Lake mining 
areas, was 3,612 horsepower. The in- 
crease in the 60-cycle load sold to 
mining properties in the Sudbury dis- 
trict was 81 horsepower. 

Taking into consideration the min- 
ing properties which had been aban- 
doned or closed down, the total number 
of active contracts at October 31, 
1939, was 54, a net increase of six 
during the year. 

To provide for the growth in load in 
the mining areas served by the North- 
ern Ontario Properties, it has been 
necessary for the Commission con- 
stantly to increase generating plant 
capacity, to construct additional trans- 
mission lines, to enlarge existing and 
construct new transformer station, 
and in general, to re-arrange in many 
instances the entire set-up under 
which power delivery has been made. 
In fact, the increase in the power de- 
mand from both existing and new 
mining properties has been so rapid 
that it has been difficult to provide 
plant and equipment fast enough to 
prevent embarrassment to mining 
operations, from the standpoint of 
power supply. 

New works constructed in 1939, or 
under construction at the end of the 
year to provide for increased loads 
included the following: 

In the Abitibi district, a new 15,000 
kv-a. transformer station at Timmins 
replacing a 9,000 kv-a. station; a loop 
transmission line out of the Timmins 
transformer station; a new bank of 


three 9,000 kv-a. transformers at Kirk- 
land Lake, increasing its capacity to 
57,000 kv-a., and a new 1,000 kv-a. 
transformer station at Westree to sup- 
ply power to the Tyranite and Ronda 
mines. 

In the Patricia-St. Joseph district, 
which serves the mining areas of Red 
Lake, Woman Lake and Pickle Lake, 
a third generating unit was installed 
at the Ear Falls development which 
will be placed in operation in January, 
bringing the total installed capacity 


at Ear Falls to 17 ,900 horsepower. A 


new 44 kv. transmission line 48 miles 
in length was placed in operation be- 
tween Ear Falls and Uchi mine in the 
Woman Lake district. The new trans- 
mission line between the Uchi mine 
and Crow river, near the Central Pat- 
ricia mine, which forms the connect- 
ing link between the Ear Falls and 
Rat Rapids developments, was com- 
pleted, and a 3,750 kv-a. transformer 
station at its terminus was placed in 
operation in September, 1939. In ad- 
dition the Commission purchased all 
the transmission lines belonging to 
individual mining companies in the 
Red Lake district and now controls 
and owns all of the transmission sys- 
tem originating out of the Ear Falls 
development. 

The accompanying map (see pages 
16 and 17) clearly indicates the Com- 
mission’s extensive service in north- 
ern Ontario, originating from thir- 
teen individual hydro-electric develop- 
ments, and utilizing 1,600 miles of 
transmission lines to deliver this 
power to mining customers. 
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Ear Falls power development, before the addition of the third 
generating unit. 


Ear Falls Power Development 


By J. J. Traill, Assistant Engineer, Hydraulic Dept., 
HEP: Gof Ont. 


HE Ear Falls Development, in 
which a third unit has been 
brought into service during 
the last few days, is located 

on the English river at the outlet of 
Lac Seul in the District of Patricia. 
The English river is one of the large 
tributaries of the Winnipeg river, on 
which latter are located a number of 
power developments in the Province 
of Manitoba, serving Winnipeg and 
other parts of the province. In 1928- 
29 a conservation dam was built at 
the outlet of Lac Seul, the Govern- 
ments of the Dominion of Canada and 
of the Province of Ontario co-operat- 
ing. The primary purpose of the dam 
was regulation of the outflow of the 
lake for the benefit of present and 
future developments farther down- 
stream on the English river and on 
the Winnipeg river. The dam creates 
a storage basin having a capacity of 
3,300,000 acre-feet between its mini- 


mum and maximum levels, which is 
sufficient to effect almost complete 
regulation of the outflow from the 
lake. 

The design of the dam was such as 
to provide for future development of 
water power at the site, if this de- 
mand should arise, and as the develop- 
ment of mining properties in the 
neighbourhood had been proceeding 
during the period of construction of 
the dam, the necessity for power to 
serve them was apparent early in 1929. 
The initial construction for develop- 
ment of power consisted of the instal- 
lation of a single unit having a capa- 
city of 5,000 horsepower under a head 
of 36 feet. The unit was first placed 
in service on Christmas day, 1929. 

This part of the development com- 
prises two wood-stave pipes, 12 feet in 
diameter, connecting two of the power 
sluices provided in the dam with the 
concrete turbine casing formed in the 
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power house substructure, in which is 
installed a fixed-blade propeller type 
turbine built by the Dominion Engi- 
neering Company of Montreal. The 
turbine is rated at 5,000 horsepower, 


180 r.p.m., under a head of 386 feet, © 


and is directly connected to a Canadian 
Westinghouse Company’s generator, 
where power is generated at 6,600 
volts. A transformer station stepped 
up the voltage to 44,000 volts for 
transmission of the entire plant out- 
put to the Red Lake mining district 
some forty miles distant. 

A second generating unit, similar 
to the first in style and capacity, was 
added to the power house, coming into 
service in the summer of 1937, the 
turbine and generator in this case be- 
ing built by the S. Morgan Smith- 
Inglis Company and Oerlikon, respec- 
tively. The addition of the second unit 
necessitated an entire redesign of the 
electrical control and protection sys- 
tems and the high and low voltage 
switching arrangements. Provision 
was made in the redesign for the fu- 
ture installation of generating units 
up to the capacity of the development. 
_It is interesting to note that from the 
time the first unit came into service in 
December, 1929, until 19387, when the 
second unit was available, continuous 
service was given without interrup- 
tion, except for a few very brief shut- 
downs for inspection—a very excellent 
operating record. 

From time to time during the inter- 
val between the installation of the 
first and second units, extensions of 
the transmission line were made to 
serve others than the original custom- 
er of the Development. Over a year 
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ago it became quite apparent that a 
further extension of the plant would 
be necessary to cope with further 
prospective growth of load. As four 
of the eight sluices available for power. 
development had already been made 
use of in the first two units, it be- 
came necessary to plan the capacity of 
the third and fourth units to corres- 
pond with the ultimate plant capacity. 
Based on data collected during the 
past ten years of operation, supple- 
mented by that available when the 
original development was undertaken, 
it was decided to design units 3 and 4, 
each with a capacity of 7,500 horse- 
power, making a total installation of 
25,000 turbine horsepower, and pro- 
ceed at once with the construction of 
No. 3 unit. 

While the design for the No. 3 unit 
extension is somewhat similar to that 
used for units 1 and 2, important 
changes in details have been made. 
Rectangular conduits of concrete were 
built instead of wood-stave pipes as 
used for the first two units. Satis- 
factory experience elsewhere with 
Kaplan, or movable-blade propeller 
type turbines, resulted in a selection 
of this type for the new installation. 
The turbine, supplied by the S. 
Morgan Smith-Inglis Company, Limit- 
ed, is rated at 7,500 horsepower at 150 
r.p.m., and will have a high efficiency 
over a much greater range of its capa- 
city than is the case with the fixed- 
blade propeller turbines in use in units 
land 2. The direct-connected genera- 
tor was supplied by the Canadian 
Westinghouse Company, Limited. 

Further extensions of the transmis- 
sion lines have been made: one to 
serve the towns of Sioux Lookout and 
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Hudson to the south-east of the de- 
velopment; another to the north-east 
to Uchi, a distance of 48 miles; and 
beyond this to Crow River near the 
Central Patricia mine, a further dis- 
tance of 113 miles, where a connection 
is made to the transmission system 
from the Rat Rapids development lo- 
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cated on the Albany river at the out- 
let of lake St. Joseph. In addition 
to the supply of power to the Crow 
River area, the 161-mile transmission 
line between the two plants provides a 
source of power for possible future 
mining development over a large ter- 
ritory. 


SO 


Trees—Another Version 


If ne’er again I see a tree 

My soul will rise in ecstasy, 

To ne’er again behold green spire 
Touching a Hydro tension wire,— 
I’ll lift my voice to God in thanks 
That nature can’t play any pranks. 


A tree that may in Summer bloom, 
But to ’lectricians just bring gloom, 
We lie awake at night and dread 

The swaying bough up over head 

And pray the Town will soundly tax 
Each tree that is not felled by axe. 


And may these lovers of a tree 

Have sympathy with you and me, 

These men who work to give you 
power, 

And toil along through nightly hour 

Without their supper or their bed 

Can you blame them to wish trees 
dead? 


They have a love of nature too, 

But must co-operate with you, 

So you in kind must do the same, 

If pruning must be done, don’t blame 

These men, just hope and pray 

For Hydro power every day. 
—EDITH VAN LONE DERHAM. 


VOL. XXVII, No. 1 


THE SUECE TIN 13 


LCC THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO |lliiiiiiiiii/IIIUII/INIIIIIIIIIIINIIIUIIINII 


Hydro-Electric Progress in 


Canada 


HE annual review of hydro- 
electric progress in Canada 
prepared by the Dominion 
Water and Power Bureau, De- 
partment of Mines and Resources, 
shows that considerable activity took 
place not only in the installation of 
new generating capacity but also in 
the extension of transmission and 
distribution facilities in many parts 
of the Dominion. There was, as well, 
a substantial increase in the demand 
for power reflecting steady growth in 
domestic use and increased activity 
in mining, pulp and paper and many 
other industries. Production of elec- 
tric energy in fact established all- 
time records during the year. This is 
indicated by the monthly figures of 
output of central electric stations 
compiled by the Dominion Bureau of 
Statistics. Each month of 1939 show- 
ed an increase over the corresponding 
month of 1938, and for the ten-month 
period, January-October, 1939, an 
aggregate increase of more than nine 
per cent was recorded. Increased de- 
mand due to war activities had not 
been experienced to any material ex- 
tent during this period but such ac- 
tivities will lead, undoubtedly, to sub- 
stantially increasing loads. With 
existing generating facilities and 
those being provided the industry ap- 
pears to be favourably situated in 
most areas to meet increasing 
demands. 
New water-power installations in 
1939 aggregated 97,040 horsepower, 
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in 1939 


which with an installation of 1,400 
horsepower by the Dryden Paper 
Company at McKenzie falls on the 
Eagle river in northwestern Ontario, 
omitted from the 1938 review, brings 
the total for the Dominion at the end 
of the year to 8,289,212 horsepower. 

The greater part of the increase, 
amounting to 87,441 horsepower, 
was made up of extensions to exist- 
ing stations in Saskatchewan, Ontario 
and Quebec. New developments in- 
cluded a 3,800 h.p. plant of Consoli- 
dated Mining and Smelting Company 
Limited at Wellington Lake in north- 
ern Saskatchewan; a 2,000 h.p. plant 
of Berens River Mines Limited on 
Duck river in northwestern Ontario; 
a 1,500 h.p. plant of Ontario Paper 
Company Limited on Black river near 
Heron Bay in northern Ontario; a 
999 h.p. plant of Gananoque Electric 
Light and Water Supply Company 
Limited on Cataraqui river, Ontario; 
a 700 h.p. plant of La Sarre Power 
Company on La Sarre river, Quebec; 
a 600 h.p. plant of the Town of 
Bridgewater on Petite Riviere, Nova 
Scotia, and a 500 th.p. development of 
the Nova Scotia Power Commission 
on Barrie Brook, Nova Scotia. Ex- 
tensions to existing plants are de- 
scribed hereunder. 

In Saskatchewan, the Churchill 
River Power Company completed the 
addition of a fifth unit of 19,000 
horsepower to its plant at Island 
Falls on the Churchill river. The 
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three original 14,000-horsepower 
units in this plant were also rebuilt 
and converted to 16,500 horsepower. 
The fifth unit and the rebuilding of 
the other three units resulted in an 
addition to the capacity of the plant 
of 26,500 horsepower. The total in- 
stalled capacity is now 87,500 horse- 
power. 

In Ontario the Hydro - Electric 
Power Commission, as trustee for the 


Provincial Government, completed the 
installation, in December, of a 7,500- 
horsepower unit in the Ear Falls 
station on English river, thus bring- 
ing the installed capacity to 17,500 
horsepower. 

The Beauharnois Light, Heat and 
Power Company brought into opera- 
tion the ninth unit of 53,000 horse- 
power in its plant at Beauharnois on 
the St. Lawrence river. 


SOA nie Se ee. 


Lighting in the Hospital 


By Harvey Agnew, M.D., F.A.C.H.A. 
Secretary, Department of Hospital Service,Canadian Medical Association 


N few places have the many revo- 
lutionary developments in light- 
ing been so freely applied as in 
the modern hospital. Think of 

what goes on in the hospital. Nearly 
every development can be applied— 
home, office, workshop lighting—and 
in addition there are the multitudi- 
nous lights for scientific work, rang- 
ing from the tiny “grain of wheat” 
lights on the ends of tubes inserted 
into nose, bronchial tubes or bladder 
to great operating room installations 
costing many hundreds of dollars. 


At the present time drastic changes 
are taking place in hospital lighting 
in Great Britain as a result of new 
conditions brought about by the war. 
For instance, the “blackout” precau- 
tions have necessitated the develop- 
ment of some way of carrying on es- 
sential hospital work without permit- 
ting the bright light to escape to the 


From an addess to the Illuminating Engineer- 
ing Society, Toronto, November 20, 1939. 


cutside. It has been found, for in- 
stance, that if the outside windows be 
made blue either by the application 
of a blue film such as rhodoid or a 
blue translucent paint such as dalo, 
orange or pink light coming from 
within cannot be seen through this 
glass. In the case of rhodoid they put 
pink shades on the lights whenever the 
air siren blows, and in the case of 
dalo they use orange lights. They have 
had to develop “light-locks” at ambu- 
lance doors, and have also developed 
very handy little emergency battery 
lamps for these occasions. 
OPERATING ROOM LIGHTING 

The tendency to-day is to use arti- 
ficial light at all times. More reliable 
than natural lighting, it has the added 
advantage of permitting the rays to 
be directed as required by the surgeon. 
Old, leaky skylights are now a thing 
of the past, and it is prophesied that 
before long we shall see very few of 
the large frosted glass windows which 
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Figures 1 and 2—Operating Room of Future. At the Chicago Century of 
Progress Mr. Carl A. Erikson showed a model of the operating room of the 
future. It has no outside windows, lights can be turned on from any direction 
as desired, students are behind glass windows and placed almost over the 


operating table. 


The room is air conditioned. There is a two-way amplifier 


communication for conversation between the surgeon and the gallery. There 
is television equipment in the dome and photo-electric cells to permit the calling 
of outside nurses and the opening of doors to permit the passage of “sterile’’ 


doctors and nurses. 


for many years have been so typical 
of hospitals. Many of our newer in- 
stitutions put ordinary windows only 
‘in their operating rooms, and many 
authorities prophesy that the time will 
soon come when operating rooms will 
have no outside windows whatsoever. 
(See Figs. 1 and 2). One very modern 
operating room in Rochester, N.Y., 
has a glass brick outside wall, thus 
permitting a soft general illumination, 
the operative field being illuminated 
entirely by artificial light. 

In choosing the lighting for an 
operating room several very important 
factors must be kept in mind: 

1. Adequate light in the surgical 
field is needed—down into the cavity 
and at the required angle. 

2. Glare must be avoided. 

3. There must be a minimum of 
shadow. 
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4, Heat radiation should be low. 

5. The room should have adequate 
general illumination. 

6. There must be adequate emer- 
gency protection against light fail- 
ure. 


Strong Lighting Required: 

Body organs have a high absorption 
index—very little light is reflected. 
Also the contrast ratio of exposed or- 
gans is low; that is, the details are not 
distinct as is this print on paper. 
Moreover the surgeon at sixty re- 
quires three times the light required 
by his nurse or intern in the early 
twenties. For these reasons very 
strong lighting is required. 

The surgeon, also, is often working 
down in a small hole which may be 
seven or eight inches deep. When we 

(Continued on page 18) 
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think of three or four gloved hands, 
a couple of retractors, a dozen or more 
forceps and several cotton sponges a 
yard or more long crowding into this 
hole, we realize how strong and how 
well focused the light must be to pene- 
trate down. Therefore, we need 1,000 
and even up to 2,000 foot-candles at 
the “operative field’. 

Glare: 

This brings up the question of glare. 
This is apt to be quite severe at 1,000 
f.c. and naturally worse at 2,000 f.c. 
One disadvantage of glare is that it 
contracts the pupil of the eye, just as 


on 


Figure 3—Three Principles in Operating Room Lighting. 
A—The wider the angle the less the interference by the surgeons’ hands 


and head. This light may be from one single unit or from several focused 
lights. 
B—-The essential purpose is ta get ight into the cavity—not on the surface. 


The rest of the room ‘should not be so dark that the nurse cannot 
Smaller additional lights may be needed. 


if one were out on a snowy road in 
brilliant sunshine. When the pupil 
is contracted, the amount of light en- 
tering the eye is naturally reduced and 
therefore 2,000 f.c. gives no better 
vision of the inside of the abdomen, 
if the pupil of the eye be closed, than 
if the pupil be open and only 1,000 
or even 500 f.c. be available. Every 
camera enthusiast understands this 
problem. Therefore, if we have glare, 
we nullify the effect of the greater in- 
tensity of light. 


How can we avoid glare? Glare and 
loss of vision may come from mis- 
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Figure 4—Separate ceiling lights should be parallel to the table. 
lighting at the foot should be amplified and preferably low to give penetration 
for rectal or pelvic operations. 


Inset are alternate arrangements for fewer units. 


The 


Lights at the foot of 


the table may be several feet down on the wall or window casing. 


placed light—light on the white sheets 
covering the body rather than down 
in the wound. Here the best way to 
avoid glare is to use sterilized sheets 
and drapings that absorb rather than 
reflect light. White sheets will reflect 
at least eighty per cent of the light. 
Gray or green sheets reflect only five 
to ten per cent of the light. Surgeons 
are also using satin finished rather 
than highly polished instruments for 
the same reason. 
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Reduction of Shadow: 

Much progress has been made. 
Several so-called ‘‘shadowless” lights 
have been developed and are widely 
used. Reflecting mirrors, arranged in 
a large canopy or on arms, may catch 
the light from a central bulb and focus 
converging beams onto the body of 
the patient. With the light beams 
converging at a wide angle, the heads 
of the surgeon and his assistant and 
their hands do not make as intense a 
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Figure 5 
pelvic operations. 


Sometimes the patient must be ‘placed head down for certain 
Here deep penetration may be obtained by a portable floor 


light, a flexible ceiling unit, or a low placed or wall wnit where separate ceiling 


lights are used. 


shadow as if the light came from one 
point. (See Fig. 1). Sometimes there 
may be a large rectangle or circle of 
separate lights, either on a suspended 
frame as formerly, or directly on the 
ceiling. These are focused on the 
operating table. In one arrangement 
a number of lights are placed on the 
ceiling behind prisms, either all or 
selected groups being used as desired. 

As a matter of fact the term 
“‘shadowless” is a misnomer, for most 
of the shadowless lights will definitely 


give a shadow under the hands of the 
surgeon when these are held close to 
the abdominal wound, which, of course, 
would be their position during an 
operation. However, the wider the 
angle of convergence with which these 
light rays focus on the patient, the 
more likely are they to reach under 
the hands of the surgeon and his 
assistant with the minimum of shad- 
ow. (See Fig. 3). For this reason, 
individual lights, strategically placed 
at widely separated areas on the ceil- 
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ing, and even down the wall at the 
foot of the table, will give less shadow 
than most of the single units. (See 
Bigs 4):. 

Every hospital should have its 
operating room equipped with a port- 
able spotlight. This is very valuable 
for many operative details and, being 
very mobile, can be used to reduce 
shadow and to concentrate light on 
any one area in a most effective man- 
mer. (See Fig. 5). Moreover every 
hospital should be prepared for power 
Shortage. A mishap in the operating 
room from power shortage may be 
prevented by having a portable light 
equipped with a battery with a trickle 
charger. Should the main light fail, 
the operation could be completed with 
the assistance of this emergency light. 
The hurricane in New England a little 
over a year ago left a large number of 
hospitals filled with injured patients 
and without any power. For some of 
them the situation was saved by the 
portable emergency light in the oper- 
ating room, but in only a few instances 
were the hospitals equipped with suffi- 
cient auxiliary power to permit them 
to have lighting in other parts of the 
hospital. 


PATIENTS’ ROOMS 

The old idea of having a light in 
the centre of the ceiling is now obso- 
lete. Few things are harder on a 
patient than to have to lie in bed 
looking up at a light suspended in the 
centre of the ceiling. If still used, 
they should be equipped with an in- 
direct type of lighting, preferably one 
with an opaque shade below the light 
so that all or most of the rays are 
indirect. 

In choosing the lighting for the 
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patient’s room, several factors should 
be kept in mind: 

1. Avoidance of eye irritation is 
necessary above all else. 

2. There should be a reading light 
for the patient available both while 
in bed and while sitting up in a 
chair. 

3. Either these lights or other 
arrangements should provide suffi- 
cient light for the surgeon or nurse 
to remove sutures, do dressings, etc. 

4, Preservation of the “homey” 
atmosphere is essential. 

For the general lighting of the pa- 
tient’s room five or seven f.c. is ade- 
quate. For the chair a floor lamp is 
both effective and decorative and has 
the added advantage that it can fre- 
quently be swung over to the bed to 
provide the necessary light for the 
surgeon to do the dressing, if neces- 
sary. 

The bed lamp should provide about 
20 f.c. These lamps are of many types 
and much care should be taken in their 
choice. The indirect type of lighting 
is quite wasteful of power as it is so 
far from the ceiling that much power 
must be used to provide 20 f.c. at the 
level of the patient’s book. In those 
parts of Ontario where 25-cycle power 
is used, large wattage bulbs are pref- 
erable to several smaller bulbs to avoid 
the flicker which bothers many people, 
particularly those who are sick. 

The lamp should be so designed that 
it does not shine in the eyes of visitors 
—a very common observation. There 
are lights available which are both 
direct and indirect, having an opening 
at the bottom for reading controlled, 
in one model, by a trap door which 
can be closed sufficiently to keep the 
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light from the patient’s face and which 
can be closed completely if the patient 
wishes to sleep. The indirect illumina- 
tion coming from the top of the light 
provides general illumination which is 
sufficient at night and for the use of 
the nurse walking around the room. 
Bed lights may be mounted either on 
the bed or on the wall. Some are de- 
tachable for the use of the surgeon. 
One very fine type of light (in use in 
the Toronto General Hospital) is on a 
long, hinged rod which goes down in- 
to the bed post. When brought up 
and bent over, it acts as a surgeon’s 
light. 

Night lights are very important in 
hospital use, both in patients’ rooms 
and in the corridors. Usually they are 
placed low on the wall and the better 
night lights have louvres over them 
which direct the light downwards. 
Care should be taken that they are 
not too weak to be of any value nor 
so placed that they lack usefulness as, 
for instance, when they are behind the 
bed. Night lights should never be put 
in the floor. Cold or heavy objects 
crack the hot glass. Avoid night lights 
that cast alarming and grotesque 
shadows. 

In large wards, the ceiling lights 
should be of an indirect nature, with 
individual lights on the bed. One of 
the essential points is to avoid glare 
from the lights on the beds of other 
patients. 

One of the nicest lights for nurses’ 
stations, waiting rooms and other 
places where one wants general illu- 
mination plus a strong down beam, is 
one which has indirect illumination 
going up to the ceiling and a down 
beam which passes through a grille 


resembling the cardboard sections in 
an egg crate. This grille does not ap- 
preciably interfere with the light, but 
it does make it impossible to look up 
into the lamp and be dazzled by the 
direct light unless one is directly 
under it. The use of this grille or baffle 
has been applied also to individual 
ceiling lights in the operating room. 

Now and then one sees a hospital 
endeavour to go modern and install 
vertical frosted glass panels in the 
corners of rooms and elsewhere. Panel 
lighting has its place as, for instance, 
a horizontal panel over an information 
desk, but when the vertical panels go 
down the side of a room, as in an 
operating room, for instance, or even 
a waiting room, they cause much irri- 
tation to the eyes and have no place 
in a hospital, where the criterion is 
efficiency and comfort rather than 
pointless modernity. 


CORRIDORS 

The old idea of having a long row 
of overly bright corridor lights has 
disappeared, thank goodness! The 
tendency now is to use either the in- 
direct illumination entirely, or, better 
still, to have the lights recessed up in 
the ceiling so that there is adequate 
illumination below the lights but, look- 
ing along the corridor, one sees no 
lights at all. In some hospitals these 
lights are recessed like portholes in 
the angles between the ceiling and the 
wall. Sometimes very striking effects 
are possible by the use of indirect 
lighting along the cove. Five to seven 
f.c. is adequate for corridor lighting. 
For daytime, the use of glass brick 
in corridors is meeting with increased 
favour. We see examples of this in 
the new mental hospital at St. Thomas 
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and in the Montreal Convalescent Hos- 
pital. Glass brick can be used oppo- 
site public rooms such as utility rooms, 


PE 


PS 


wash rooms and diet kitchens. This 
helps to brighten up the corridor con- 
siderably. 


PO 


The Mechanical Properties of 
Weld Metal Deposited by 
Various Electrodes 


HE investigation reported 

herein was undertaken as 

part of the research pro- 

gramme of sub-committee No. 
12 on arc welding. 

The purpose of the investigation 

was to obtain a comparison of the 


mechanical properties of the weld 


metal deposited by those electrodes 
which are most frequently used by the 
manufacturers who build welded 
equipment for the Commission. 

In order to assess the quality of 
the weld metals deposited by the 
various electrodes, several different 
types of tests were employed. These 
included a determination of the ten- 
sile strength, yield point, elongation, 
reduction of area, Charpy notched-bar 
impact values and, in the case of a 
few electrodes, the fatigue limit. 

The adoption of this rather com- 
prehensive testing scheme is based on 
the fact that the service performance 
of welded metal cannot be appraised 
on the basis of the results obtained 
from one type of test. Since welds, 
as a part of fabricated structures, 


Report of the H.E.P.C. Research Sub-Commit- 
tee No. 13 on Arce Welding as published in the 
January, 1940, issue of the Journal of the Ameri- 
can Welding Society. 
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must in some cases withstand impact 
or suddenly applied loads, and in 


. other cases resist stresses of a repeti- 


tive nature, it is essential to subject 
weld metal to impact and fatigue 
tests. Although the figures obtained 
from these tests are not directly ap- 
plicable to design problems, they give 
a definite indication as to whether or 


not the material is sound, and 
possesses the qualities required to 
assure satisfactory performance 
under dynamic loads. Equally im- 


portant, from the designer’s point of 
view, are the results obtained from 
the conventional static test which 
give a direct measure of the ductility 
of the weld metal and a value for its 
yield point, which, if the dynamic 
properties of the material are satis- 
factory, may form the basis for the 
determination of the allowable work- 
ing stress. 
METHOD OF TESTING 

Two welded test pieces, similar to 
that shown in Fig. 1, were made up 
using each of the nine electrodes to be 
investigated. Each test piece con- 
sisted of two mild steel plates 121% in. 
by 3 in. by 1 in. chamfered at 45 deg. 
on one edge. These plates were sep- 
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Fig. 1 -LOCATION OF SPECIMENS REMOVED FROM WELDED TEST PIECES 


arated by 1% in., tacked together and 
welded in the downward position by 
several passes. Each pass of deposit- 
ed metal was thoroughly scaled before 
the next layer of metal was deposited. 

All of the electrodes used were 
in. diameter and were of the 
shielded are type. 

The test pieces were all made by-the 
same welder. 

The welder was instructed to take 
no special precautions in the prepara- 
tion of the test pieces, but rather to 
use the same technique as would be 
employed in ordinary shop work. As 
a result of these instructions we be- 
lieve that a more usable comparison 
of the electrodes was obtained than 
if a special technique, which might 
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not be rigidly adhered to under pro- 
duction conditions, had been used. 
This may explain why, in some cases, 
the values obtained in the present in- 
vestigation differ from those which 
appear in the manufacturer’s litera- 
ture. 

One tension and four impact speci- 
mens of all weld metal were removed 
from each of the nine test pieces in 
the as-welded condition. Six of the 
corresponding test pieces were stress 
relieved at 1,100 deg. fahr. for two 
hours and furnace cooled before re- 
moval of the tension and impact weld 
specimens. The purpose of the tests 
on the latter specimens was to deter- 
mine the effect of stress relieving 
temperatures on the physical prop- 
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erties of the weld metals. The three 
remaining test pieces were left in the 
as-welded condition and a sufficient 
number of all-weld metal fatigue 
specimens were removed from each 
to determine the fatigue limit of these 
materials. 

The location in the test pieces 
from which the tension and impact 
Specimens were removed is_ illus- 
trated in Fig. 1. Due to the one-inch 
plate thickness adopted it was pos- 
sible to obtain standard one-half 
inch A.S.T.M. tension specimens, full- 
sized Charpy notched bars and Avery 
fatigue specimens. 

In the case of one pair of test 
pieces, namely AB-W and AB-S in the 


as-welded and stress relieved condi- 
tions respectively, the cross section 
of the weld and the adjoining parent 
metal was surveyed for hardness in 
an attempt to detect any change in 
this property which might have oc- 
curred in the heat-disturbed area 
adjacent to the weld deposit. 


TEST DATA 


A summary of the test data includ- 
ing the specific gravity, ultimate 
strength, yield point, percentage 
elongation, percentage reduction of 
area, and Charpy notched-bar impact 
number of the deposited weld metal 
from each electrode is recorded in 
Table I. 
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For comparative purposes certain 
of the data are presented graphically 
iMehigu2, Lis orang, Fige 4, 

Table I also includes the endur- 
ance limits of the weld metals de- 
posited from three of the electrodes. 
It is anticipated that the fatigue test- 
ing of the weld metals from the six 
remaining rods will be continued dur- 
ing the coming year. 

Fig. 6 shows the fractured tension 
Specimen and a typical impact speci- 
men from each test piece. It will be 
observed from the photograph that 
the tension specimens OP-W and 
GH-W show no indication of in- 
cluded foreign matter and broke with 
a cup-shaped fracture which is in- 
dicative of high ductility.. The speci- 
mens from the remaining test pieces 
all revealed some evidence of slag 
inclusions. Specimen QR-W was par- 
ticularly objectionable in this respect. 


IMPACT VALUES 

In Fig. 2, the weld metals are 
classified in order of their notched 
bar impact numbers. The metal de- 
posited from electrodes OP and GH 
give impact numbers which are some 
40 per cent higher than those of the 
parent metal. The impact numbers 
of the weld metals deposited by the 
other electrodes are of the same order 
as that of the parent metal, with the 
exception of that obtained from elec- 
trode QR, which gave values which 
were consistently low. 


DUCTILITY 
In Fig. 3 it will be observed that 
the elongation and reduction of area 
of the weld metals deposited from 
electrodes OP and GH are of the same 
order as the corresponding values ob- 
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tained on the parent metal. The duc- 
tilities of the weld metals from the 
other electrodes are somewhat lower 
than this. Considering the static 
properties of all of the weld metals 
which were tested it will be noted that 
high ultimate strength and yield point 
are generally accompanied by low duc- 
tility. Since, in the case of all the 
weld metals, the yield point is greater 
than that of the parent metal, it 
would appear that nothing is to be 
gained by increasing the strength of 
the weld metal above that of the par- 
ent metal at a considerable sacrifice 
in ductility. A good example of this 
is the weld metal deposited from elec- 
trode QR which, although it has a 
much higher ultimate strength and 
yield point than the parent metal, is 
very much less ductile when tested 
under static or impact loads. 


EFFECT OF STRESS RELIEF 

A comparison of the data presented 
in Fig. 3 and Fig. 4 shows that stress 
relieving of the weld metals, in the 
majority of cases, lowers the ultimate 
strength and yield point by a few per 
cent. This slight decrease in tensile 
strength, however, is accompanied by 
a considerable increase in ductility, as 
revealed by a higher percentage elon- 
gation and reduction of area. The 
stress relieving treatment appeared to 
have little influence on the impact 
values of the weld metals. 


HARDNESS VALUES 
The results of the hardness survey 
across the faces of the as-welded and 
stress relieved test pieces made with 
electrode AB, are shown graphically 
in terms of both the Vickers and 
Rockwell scales in Fig. 5. It will be 
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observed that there was very little 
difference in hardness between the de- 
posited weld and the parent metal. 
No hard spots were found on the line 
of fusion and in fact the hardness 
along this line was some 15 points 
lower on the Vickers scale than the 


material at the centre of the weld. 
The metal at the top surface of the 
weld, which was applied in the last 
pass and therefore was not subjected 
to reheating and consequent grain re- 
finement by succeeding passes, was 
some 40 points harder on the Vickers 
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scale than the parent metal and some 
25 points harder than the material at 
the centre of the weld. The pro- 
gressive increase in hardness along 
the centre line, from the bottom to 
the top of the weld, is a good illustra- 
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Fig. 6—Fractured tension and impact all-weld specimens. 


tion of the grain refinement effected 
by multiple bead deposition. Further, 
it should be noted that stress relief 
at a temperature of 1,100 deg. fahr. 
brings about a decrease in hardness 
of the weld metal which is most pro- 
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nounced in the very hard layer near 
the top of the weld. 


CONCLUSIONS 

(1) The weld metals deposited 
from all of the electrodes which were 
tested, with one exception, namely 
QR, gave notched bar impact numbers 
which were equal to or higher than 
those obtained on the _ structural 
steel plate. 

(2) The yield point of the weld 
metals was higher in every case than 
the yield point of the parent metal. 

(3) Subjecting the weld metals to 
a stress relieving temperature of 
1,100 deg. fahr. brought about a 
slight diminution in ultimate strength, 
yield point and hardness, accompanied 
by a small increase in elongation and 
reduction of area. 

(4) The material deposited by elec- 
trodes OP and GH, in the as-welded 
condition, showed a reduction of area 
and elongation which was practically 
equivalent to that of the parent metal. 
The ductility of the materials deposit- 
ed from the other electrodes, in the 
same condition, was, in the majority 
of cases, considerably lower than that 
obtained on the parent metal. 

(5) The highest impact values and 
the best static properties were ob- 
tained on those weld metals, OP and 
GH, which had the highest specific 
gravity and showed no visual evidence 
of included foreign matter. The weld 
metals deposited from the other elec- 
trodes all revealed the presence of 
included slag, which may have been 
caused either by incorrect melting 
procedure or undesirable characteris- 
tics in the coating, which interfere 
with its complete volatilization. Elec- 


trode QR was particularly objection- 
able in this respect, the deposited 
metal being dirty, porous, and having 
a very low specific gravity. 

(6) The impact test furnishes a 
simple method of comparing the qual- 
ity and homogenity of weld metal. 
High impact values are always asso- 
ciated with high ductility, as revealed 
by the elongation and reduction of 
area in the static test. Consistency in 
the impact results indicates homo- 
genity of the weld metal, a quality 
which is very difficult, if not impos- 
sible, to assess on the basis of tension 
tests alone. 


(7) The consistency of the results 
obtained in a series of impact tests 
on a number of all-weld metal speci- 
mens removed from a test piece, such 
as that used in the present investiga- 
tion, is a reliable index of uniformity 
and for this reason could be employed 
as a qualification test for welders. 


(8) In the case of some of the elec- 
trodes tested the ultimate strength of 
the deposited metal, as published in 
the manufacturer’s data, is consider- 
ably higher than the values which we 
obtained. This discrepancy may have 
resulted from a difference in the plate 
thickness or size of the electrodes 
used. It is also possible that the 
manufacturer’s figures were based on 
test pieces welded under very care- 
fully controlled conditions, whereas 
the test pieces used in this investiga- 
tion were prepared under the same 
conditions as those employed in com- 
mercial welding. 


RECOM MENDATIONS 
The information obtained in the 
investigation reported above forms 
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the basis for the following recom- 
_ mendations: 


(1) Electrode Quality Test. 

The insertion of a clause in the 
Commission’s are welding specifica- 
tion stating that, where deemed neces- 
sary, the inspector may require the 
manufacturer to prepare a welded test 
piece similar to that shown in Fig. 1, 
page 24. The impact numbers obtain- 
ed on all-weld metal Charpy specimens 
removed from any part of the weld, 
in the above mentioned test piece, 
shall be at least 30 ft. lb. If the im- 
pact numbers are consistently lower 
than 380 ft. Ib. the electrode shall be 
considered unsatisfactory and_ re- 
placed by one which meets the above 
requirements. 

(2) Qualification of Welders. 

The insertion of a clause in the 
Commission’s arc welding § specifica- 
tion stating that, where deemed neces- 
sary, the inspector may require a 
welder to prepare a welded test piece 
similar to that shown in Fig. 1, page 
24. The impact number obtained on 
all-weld metal Charpy test specimens 
removed from any part of the weld in 
the above mentioned test piece shall 
be at least 30 ft. lb. If the impact 
numbers are consistently lower than 
this, or, if, in the inspector’s opinion, 
they are not sufficiently uniform, the 
welder shall be* considered to have 
failed to meet the qualification test. 
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Presentation to 
George Hancock, Galt 


There was a very happy gathering 
at the City Club, Galt, on the evening 
of December 20th, 1939, the event be- 
ing the presentation of a silver tea 
service to George Hancock, Chairman 
of the Public Utilities Commission, 
“who for more than thirty years has 
unselfishly devoted time and energy 
introducing and establishing for public 
good, water and electric utilities in the 
City of Galt.” 

In 1907 the citizens of Galt had 
passed the enabling by-law which 
authorized the proper officials to sign a 
contract with The Hydro-Electric 
Power Commission of Ontario for 
1,200 h.p., but owing to the serious 
doubts of some as to the success of 
the venture there was considerable 
delay in the completion of the same. 

In 1910 F. S. Scott was Chairman 
of the Fire and Light Committee of 
the Town Council and Geo. Hancock 
was a member of his committee and it 
was largely due to the efforts of these 
two gentlemen that in that year the 
contract was signed. 

When the construction of the trans- 
mission lines was begun J. H. Fryer, 
who was mentioned by Mr. Scott and 
who was a Galtonian, was President 
of the Power Union and turned the 
first sod for the first transmission 
lines in Ontario. 
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George Hancock. 


Mr. Scott and Mr. Hancock gave 
further evidence of their confidence in 
the scheme as tthe first two motors 
driven by Hydro power were turned 
over in their plants within a few 
hours of each other. 

Owing to the pressure of business 
and in rendering other public services 
Mr. Hancock found it necessary to re- 
tire from the Council but Mr. Scott 
continued as Mayor to the end of 1913 
and later found a wider field for 
public service as South Waterloo’s rep- 
resentative in the Federal House. 

The Electric Department had oper- 
ated under a Hydro Commission from 
1912 and in 1918 Mr. Hancock, whose 
business ability and good judgment 
were highly appreciated was induced 
to accept a position on the Commis- 
sion and since that time has served 
continuously. 

In 1919 the electors passed a by- 
law establishing “The Public Utilities 


Commission of Galt” and since that 
time the Hydro and Water Depts., 
have been under the control of this 
Commission. Owing to the business 


“acumen of Mr. Hancock and his asso- 


ciates these are now in excellent con- 
dition, not only from a standpoint of 
operation but also financially. 

The Electric Department has one of 
the outstanding Hydro buildings of 
the Province and by March of 1943, 
will have a plant with a book value of 
more than $900,000 entirely free of 
debt while the Water Department has 
a very efficient plant and an abundant 
supply of 100 per cent pure spring 
water and renders a service of a very 
high order. 

This gratifying situation is largely 
due to the faithful and efficient guid- 
ance given by Mr. Hancock and H. O. 
Hawke, D. W. McCormick, A. E. Wil- 
lard and the present Mayor, Dr. W. 8S. 
McKay, all of whom have for several 
years worked together on the 
Commission. 

The guests of the Commission at the 
Banquet and Presentation were the 
present members of the Commission 
and their wives, provincial Commis- 
sioner J. Albert Smith, Ross Dobbin, 
Peterborough, H. R. Hatcher, Man- 
ager of the Public Utilities Commis- 
sion, ex-Mayors A. W. Mercer, A. W. 
Hilborn and R. K. Serviss, ex-Com- 
missioners Geo. E. Fisher, W. A. 
Dixon and C. R. Widdifield, G. C. 
Parker, District Engineer of the pro- 
vincial Commission, and all the mem- 
bers of the staffs of both departments. 

The whole affair was conducted as a 
surprise to Mr. Hancock. It was a 
most enjoyable family party. 
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Norfolk Transformer Station 
A New Outlet for Supply to Simcoe Area 


By G. E. Kewin, System Planning Engineer, 
Electrical Engineering Dept., H.E.P.C. of Ont. 


ORFOLK transformer sta- 

tion, located at the crossing 

of the Windham road and 

the Lake Erie and North- 
ern Railroad about two miles north 
of Simcoe, Ontario, was placed in 
service on the Niagara system on 
January 28th, 1940 and is a depart- 
ure in a number of design features 
from 110 kv. stations now in service 
on this system. It is the purpose of 
this article to describe some of these 
features and to discuss briefly some 
of the problems considered before the 
station was actually built. 

The district served from the new 
station covers most of Norfolk county 
and includes the municipalities of 
Simcoe, Port Dover and Delhi, as well 
as a number of rural power districts. 
These municipalities were formerly 
supplied over a 26 kv. circuit out of 
Brant transformer station. The length 
of the circuit (28 miles to Simcoe and 
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45 miles to St. Williams) and the 
rapid growth of the loads made im- 
provements in supply to these points 
imperative. The whole question of 
supply to the Simcoe and adjoining 
areas was, therefore, made the sub- 
ject of a comprehensive study in 
which the influence of the loads in the 
areas immediately east and west of 
Simcoe was included. 

A measure of improvement for a 
short period could have been made in 
the supply to some of the municipali- 
ties by various less comprehensive ex- 
pedients. However, a study of the 
estimated load growth indicated that 
these would have been temporary only 
and it appeared that, based on the 
probable load growth over a period of 
five years, a new source of supply 
from the 110 kv. system was the best 
solution, the only matter in doubt be- 
ing the economy of this station for 
loads of 7,000 to 10,000 h.p. 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discus- 
sion of “Hydro” matters and to main- 
tain the co-operative spirit between 
municipalities, as well as between 
municipalities and the Commission. 
Articles of interest are invited for 
publication. 


A study of conditions of supply to 
the whole area from Hagersville on 
the east to Tillsonburg on the west 
indicated that taking into account an- 
nual costs for transformation and dis- 
tribution there was little to choose in 
the long run between providing the 
necessary transformation in one or 
two 110 kv. stations. The supply to 
Hagersville area had recently been 
materially improved by changing the 
feeder voltage to 26 kv. It was ap- 
parent that the supply to the Tillson- 
burg area now served from Woodstock 
transformer station at 13 kv. could be 
dealt with as a separate problem. De- 


sign of a station to serve the Simcoe 
area only was, therefore, proceeded 
with as requiring a minimum of im- 
mediate capital expenditure both for 
station and feeders. 


TYPE AND LOCATION OF STATION 

As the load in the district to be 
supplied from the new station was in 
the order of 5,000 to 6,000 h.p. a low 
cost station was imperative in order 
that transformation costs might be 
kept to within the same level as those 
at existing stations. Such a type of 
station had been developed in the min- 
ing areas of the province and several 
years’ experience has indicated its 
suitability to other applications. The 
experience so gained is reflected in the 
station as now constructed. The low 
cost station, although simple in de- 
sign, has advanced features such as 
on-load voltage control and automatic 
feeder breaker reclosure. Automatic 
features are provided in this design 
such that full time operating attend- 
ance is avoided though a patrolman 
will be located there so as to be avail- 
able for such line switching or other 
duties as may be infrequently re- 
quired. In addition to the low cost 
features of the design, therefore, the 
further application of the necessary 
forms of control will effect a substan- 
tial saving in operating attendance 
costs. 

DETAILS OF 110 Kv. LINE 

The station is supplied by a wood 
pole 110 kv. line tapped off the trunk 
lines between Queenston generating 
station and St. Thomas transformer 
station. The line has been specially 
designed to meet the requirements of 
a low capacity circuit of minimum 
cost which will at the same time be 
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Fig. 1—Line to Norfolk station showing typical towers. 


highly reliable. It is of twin pole 
construction with interior “X” brac- 
ing of wood as against the more usual 
external wire guys. In order to min- 
imize the danger of a completely 
wrecked cross arm due to a lightning 
stroke two 2 by 10 inch plank cross 
arms are used instead of the usual 
6 by 8 inch arm. There are twelve 
structures per mile, the average span 
being 440 feet. 


The insulation provided follows the 
Commission’s standard for 110 kv. 
wood pole lines; seven 5 inch units in 
suspension and ten units in strain. 


The electrical load on the conductor 
is relatively low, resulting in an 
economical conductor size that would 
be mechanically weak if standard con- 
ductor were specified. Therefore, a 
special conductor size was used having 
twelve aluminum strands of 190,800 
cir. mils total section with a core of 
seven strands of steel, each 0.1261 
inch diameter. The breaking weight 
of this conductor {is 17,720 pounds. 
The maximum loading under 1% inch 
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ice and 8 pound wind is estimated to 
be 3,400 pounds, which gives a high 
factor of safety under the most un- 
favorable conditions. To obtain bet- 
ter lightning protection and greater 
clearance between ground wire and 
line conductors the poles are extended 
5 feet higher than usual in this class 
of line. One ground cable is used 
but the construction is such that if 
necessary a second cable can be erect- 
ed at comparatively little expense. 
Every structure is grounded by use 
of a down lead to the bottom of the 
pole, where it is “pancaked”’ to obtain 
lower resistance to ground. 


The complete structure, therefore, 
has both a larger. electrical as well 
as mechanical factor of safety than 
is provided by some earlier forms of 
design. Fig. 1 shows a typical tower 
with “X” bracing and extended pole 
tops, one of which carries the single 
ground wire. 

Two gang-operated line switches 
are provided at the junction point of 
this line and the trunk lines. With 
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Fig. 2—Norfolk station diagram. 


this arrangement the line can be con- 
nected to either of the trunk lines, 
giving increased service security and 
facilities for line maintenance. 
DETAILS OF TRANSFORMER STATION 
Fig. 2 shows a single line diagram 
for the station with the single trans- 
former bank at present installed. Fig. 
3 is a view of the station from the 
low voltage side, while Fig. 4 shows 
the transformer during erection, with 
part of the steel structure, and con- 
nection to the 110 kv. suspended bus. 
Connection to the 110 kv. line is 
made through a gang-operated horn 


gap switch, rated 138 kv., 600 am- 
peres, and arranged for automatic 
opening and manual closing. There 
is also a 8 pole gang and manually 
operated grounding switch. 

A single-pole, single-throw, 138 kv., 
200 amperes automatic closing ground 
switch is used to isolate the station 
if required, due to trouble developing 
in the transformer or associated 
equipment. In such case, the switch 
grounds a single phase of the trans- 
mission line causing it to trip at its 
terminals. 


The transformer is rated 6,000 
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Fig. 3—The station from the low voltage side. 


kv-a., 3-phase, 25-cycle, 110,000/28,- 
400 volt, 0.i.s.c., outdoor type, with 
provision made for forced air cooling 
tc give a rating under this condition 
of 8,000 kv-a. 


The transformer is also equipped 
with an on-load ratio adjuster for 
automatic regulation on the 28,400 
volt side in seventeen equal steps be- 
tween 25,560 volts and 31,240 volts. 
Voltage regulation is controlled with 
a contact making voltmeter and line 
drop compensator. The latter device 
allows for automatic control of volt- 
age with change of load at a predeter- 
mined load centre on the 26 kv. feed- 
ers remote from the station. The 
regulator permits independent regu- 
lation of voltage at the distributing 
stations supplied from this station, in 
spite of the fact that the Norfolk 
station is supplied from a tap to a 
long trunk line in which a rather 
wide daily voltage variation normally 
occurs. 
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Fig. 4—Transformer station during 

erection, showing part of the steel 

structure and connection to the 110 
kv. suspended bus. 
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There is at present a single 26 kv. 
feeder position supplied through a 
single, 600 ampere, 34.5 kv. oil circuit 
breaker, electrically operated, and 
equipped with automatic reclosing re- 
lays to re-energize the. feeder once 

after tripping automatically, followed 

by lockout if a faulty condition is 
again indicated. It is our experience 
that the majority of feeder faults are 
of a temporary nature such as light- 
ning flashovers and service can be re- 
stored with one reclosure. If the fault 
is not clear after the first trial, it is 
in practically all cases of a perman- 
ent nature, so there is little advantage 
in further attempts at automatic re- 
closure. We have, therefore, provided 
the recloser of simple “single-shot” 
type. 

The single feeder leaving the sta- 
tion divides just outside, one branch 
leading north to tap the present 26 kv. 
line from Waterford to Delhi. The 
second branch leads south to Simcoe. 
The north branch can be isolated by 
means of a 600 ampere, 34.5 kv. gang- 
operated disconnecting switch. 

Station service is provided through 
a 25 kv-a., single phase, 25 cycle, 
26,400/115-230 volt outdoor, o0.i.s.c. 
A 54-cell, 110 
volt tripping storage battery is also 


service transformer. 


provided; it is charged by means of 
a radio-tube type 110 volt trickle 
charger. 


The station switchboard and its 
equipment, as well as the battery, is 
housed in a small fire-resisting build- 
ing. 

The 138 kv. and 26.4 kv. switching 
equipment is supported on steel struc- 
tures and concrete foundations. 


A patrolman’s house is located on 
the station site, as well as a combined 
garage, storehouse and workshop. 

This station was completely design- 
ed by the Commission’s Electrical 
Engineering Department and erected 
by the Commission’s Construction De- 
partment. Following a trial period, 
during which adjustment of the step 
regulator will be made to obtain best 
overall performance and good average 
voltage at the respective distributing 
stations, it is anticipated that service 
to these stations will be noticeably 
improved. The stations remaining on 
that part of the 26 kv. feeder still 
supplied from Brant transformer sta- 
tion will also benefit by this new in- 
stallation, by the fact that it will now 
be much less heavily loaded, and not 
subject to the interruptions associated 
with its former greater length. 
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Hydro and the War 


By Dr. T. H. Hogg, Chairman 
The Hydro-Electric Power Commission of Ontario 


O-DAY as you may rightfully 
expect my remarks will deal 
with one phase or another of 
Hydro as it is affected by 

this war, and of the service we believe 
Hydro can render to the cause of ulti- 
mate victory. That Hydro will do its 
best for our common cause goes with- 
out saying. You would not be satis- 
fied with less. 

Canada has been assigned a tremen- 
dously important role in the Empire’s 
war effort. We have already seen 
private funds subscribed, we shall see 
industry mobilized, we shall see the 
flying strength of the Empire cen- 
tred within our borders, as the first 
steps in the course we are to pursue. 
We see new factory buildings rise and 
we ask ourselves whether they are the 
forerunners in a vast expansion of in- 
dustrial activity. Hydro’s policy must 
be abreast of all this. Hydro’s plans 
must be so formed as to meet any 
future contingency. 

We may be sure, I think, that the 
success of this war will be largely de- 
pendent on the wholehearted co-opera- 
tion of industry. Machines will play 
a vastly more important part than 
ever before. It is a mechanized army 
that fights this war. The tank and 
the aeroplane, modern transport of all 
sorts, new and more costly weapons, 
these are the realities of to-day. 
Everywhere there are new and ex- 

Address to the Ontario Municipal Electric Asso- 
ciation and the Association of Municipal Electrical 
Utilities at Toronto, February 6, 1940. 
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panding needs for mechanization. I 
think I am right in saying that a bat- 
talion of 1,000 men, in the last war 
was equipped with only two machine 
guns. In this war a battalion of 700 
men will carry fifty. It is the hope of 
every one of us, I am sure, that ma- 
chines may this time take some of the 
punishment which in the last was 
borne by flesh and blood. 


Canada has a very definite part in 
all this. It is not represented only by 
an Expeditionary force. Behind the 
army in the field there must be mobil- 
ized a vastly greater army of techni- 
cians and workers. It is our part to 
be an efficient machine shop, a store- 
house on which our Empire may call, 
to meet any need that may arise. 
Surely it must not be again, as unfor- 
tunately it was in the last war, that 
men were called upon to die because 
industry at home was inadequate to 
serve their needs. 

During the first World War our 
own Canadian divisions were largely 
armed, supplied and trained overseas. 
To-day we are trying to equip them 
in every detail of their needs. Weare 
to be the training ground for the vast 
air effort of the Empire. Men from 
every quarter are converging here to 
learn the art of aerial warfare. Much 
more than was the case in the last 
war, we are to be industrially mobil- 
ized in this. 

It is a far stronger Canada that 
stands to-day by the side of Britain 
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and France than was the case in 1914. 
Our exporting capacity is more than 
twice as great; our manufacturing 
production has approximately tripled ; 
our mining output is many times 
greater; large increases have also oc- 
curred in agricultural and forestry 
production. But nowhere is there 
greater evidence of growth than in 
refined base metals. In 1913 Canada 
was producing refined base metals at 
a rate of 68 tons per day; to-day Can- 
ada produces, daily, more than 2,000 
tons; over thirty times as much as in 
19138. 


OuR RESOURCES TO-DAY 

To those of us who know the extent 
of industry’s dependence upon power, 
the question at once arises: How do 
Canada’s developed power resources 
to-day compare with her resources in 
1914-1918? As 98 per cent of our 
central electric stations output is de- 
rived from water power, the figures 
of hydraulic turbine horsepower will 
serve as a rough guide to our growth 
in power supplies. 


The total hydraulic horsepower in- 
stalled in Canada in 1914 was a little 
less than two million, and by 1918, 
under the pressure of war demand, it 
had grown to only two and one-third 
million. To-day it is more than eight 
and one-third million horsepower, so 
that we have now available in Canada 
more than four times the mechanical 
and electrical power that we had in 
1914, and three and one-half times as 
much as was available at the close of 
the last war. 


Now, in regard to the Commission’s 
own power resources. We have at 
present available in our own plants 
and in purchased power, almost as 


much as was available in the whole 
of Canada at the close of the last war, 
or two and one-quarter million horse- 
power. 

That is a very sharp advance over 
the 101,400 horsepower that the Com- 
mission had available in 1914: al- 
though Hydro now operates a number 
of plants which in 1914 were in pri- 
vate hands. 

In 1914 the average consumption of 
energy by domestic users, served by 
Hydro municipalities, was about 21 
kilowatt-hours per month. To-day the 
average is 165 kilowatt-hours per 
month, virtually eight times as much. 
At the same time, commercial light- 
ing has increased to five times what 
it was in 1914. 


During the interval between the 
last war and this, the increase in in- 
dustrial use of electricity has been 
enormous. Thousands of factories 
have been established, technical pro- 
cesses have been developed, personnel 
has been trained, and a strong broad 
industrial base has been laid. On this 
broad base Ontario industry is cap- 
able of rapid expansion. But for the 
existence of this industrial founda- 
tion, the production of munitions and 
supplies vital for the war, in quanti- 
ties that would have any significant 
effect upon the outcome, would be 
impossible. 


SYSTEM RESOURCES 

Looking back at the last war, you 
will recall that notwithstanding the 
Commission’s utmost efforts, a power 
shortage on the Niagara system oc- 
curred during 1917 and 1918. That 
Shortage threatened to handicap vital 
industry at a time when the need for 
power was tragically urgent. With 
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this in mind let us take stock of the 
Niagara system resources at the pres- 
ent time. 


The outlook has changed materially 
since February, 1938, when my com- 
ments on our settlement with the Que- 
bec power companies were given to 
you. Who would have thought then, 
that we would to-day seriously ques- 
tion the adequacy of our Niagara sys- 
tem resources to meet the demands 
upon them beyond the early fall of 
1942. 


In December, 1939, our Niagara 
system primary load exceeded the 
peak of the previous year by 150,000 
horsepower, a growth of 13 per cent. 
After allowing a minimum amount 
for needed reserves, the appropriate 
capacity for that December, 1939, de- 
mand exceeded the figure which in 
February, 1938, I indicated as the 
“probable best provision” for it by 
23,000 horsepower. 

It is true that our present resources 
exceed the so called “probable best 
provision” and exceed our actual re- 
quirements, even after allowing for 
reserves, by some 97,000 horsepower. 
But, as against this, the total amounts 
of power scheduled for delivery under 
our Quebec contracts, including the 
last block of 20,000 horsepower due in 
November, 1944, is only 140,000 horse- 
power. This total amount of unde- 
livered power is less than the growth 
that took place last year. 

A load increase of 10 per cent per 
annum for two years over the load of 
December lust, would mean that every 
resource of our Niagara system, in- 
cluding the last block of Quebec power 
not due until 1944 would be needed to 
meet the demand for primary power 
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as of December, 1941, while provid- 
ing only a very moderate reserve for 
safety. 


Most of you will remember that for 
a period of eighteen years prior to 
the thirties, load increases of 10 per 
cent per annum were the order of 
the day. That such increases cannot 
go on forever no one doubts, but if 
what we hear about industrial expan- 
sion during this war means anything, 
load increases of 10 per cent per 
annum would seem to be quite moder- 
ate while war lasts. 


Loads on the Eastern Ontario sys- 
tem and Georgian Bay system ap- 
proximated the capacities available on 
these systems in December, 1939. 
Should last year’s growth of 10 per 
cent continue, some 40,000 horse- 
power, exclusive of reserves, will be 
required to meet demands in 1941. 
Transfer facilities will be available 
through which this growth may be 
supplied from Niagara system tem- 
porarily. In December, 1941, the com- 
binded growth of these three south- 
ern Ontario systems will probably ex- 
haust all the growth resources of the 
Niagara system, leaving no reserves 
whatever. 

On the Thunder Bay system present 
capacity is only sufficient to meet new 
demands that are now virtually in 
sight. The rapid growth in the north- 
ern mining loads will soon exhaust 
present capacity, especially in the 
Patricia-St. Joseph district even with 
the new unit recently installed at the 
Ear Falls generating station. In the 
Abitibi, Sudbury and Nipissing dis- 
tricts present capacity would seem to 
be adequate to meet load growth for 
the next two years. 
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Post-WAR INDUSTRY 

There is one more source of possible 
power demand that I would like to call 
to your attention. It is not exactly a 
war demand, but rather a concomitant 
of war. I mean the influx of indus- 
tries from countries which have al- 
ready been absorbed or are now under 
the direct threat of war. These in- 
dustries are coming here asking for 
an opportunity to carry on their busi- 
ness free from the ever-recurring 
threat of war. We must serve these 
industries and make them a part of 
our growing industrial life, for it is 
greatly in our interest to do so. 

There are industries from within 
our own Empire and particularly from 
within the United Kingdom, which 
are finding the constant threat from 
the air, the submarine menace, the 
scarcity of shipping, almost over- 
whelming obstacles to the successful 
conduct of their business. They too 
are seeking a haven here, and it is 
surely laid upon us who are faced with 
few dangers that we should assure 
these industries, not only a welcome, 
but conditions under which they can 
operate for their own benefit and ours. 


No more effective means of cush- 
ioning the shock of ultimate cessation 
of war business can be found than 
the influx of post-war industry; cer- 
tainly no belligerent country can 
look forward with comparable expec- 
tation to industrial immigration as we 
can in Canada. Let us not lose sight 
of the effect of this upon our post-war 
demand for power. It will certainly 
have a tendency to offset the shrink- 
age in war demand and should be 
comforting to those who fear a pos- 


sible excess of power resources in 
days to come. 


No REDUCTION IN RATES 

Although last year’s financial re- 
sults are on the whole very satisfac- 
tory and this year promises to be even 
more so, I have no time to-day for any 
detailed review of financial opera- 
tions. The annual adjustment of 
costs for the past fiscal year, as it ap- 
proaches the final stages, shows an ex- 
cellent position for the Eastern On- 
tario, Georgian Bay and Thunder Bay 
systems. The Niagara system too is 
very satisfactory; present indication 
is that besides meeting all current 
costs for operation and interest, it 
will be possible to provide out of rev- 
enues, for full sinking fund require- 
ments, full renewals reserve require- 
ments, and a substantial provision for 
contingencies reserve as well. This 
year, ending October 31, 1940, the 
amount of additional power purchased 
under the Quebec agreements is small 
and the effect of a more complete use 
of our total resources for primary 
sales will be evident. Therefore, we 
may look for an even better financial 
showing. 

With this in view I wish to say one 
word about rates. Do not expect any 
general reduction in rates on any sys- 
tem until after the war. The uncer- 
tainties of the demands that may be 
imposed by the war, but more espe- 
cially the uncertainties of the after- 
math of war point to only one sane 
course. Any excess funds that under 
ordinary circumstances might be re- 
turned to municipalities either by way 
of large thirteenth credit adjust- 
ments, or by reductions of interim 
rates, must be conserved. When we 
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have no means of knowing what may 
face us with regard to future interest 
rates and future power demands and 
when we consider the magnitude of 
capital expenditures that may have to 
be made in the near future, it is es- 
sential for the Commission to build up 
reserves and at the same time to fi- 
nance capital extensions as far as pos- 
sible through its own resources. This 
policy of postponing possible reduc- 
tions in rates and building up re- 
serves is the only policy consistent 
with ordinary business prudence. 

You have all received notices re- 
garding the annual adjustment of the 
cost of power and the yearly closing 
of electric utility accounts. These were 
given by the Secretary of the Com- 
mission under date of January 29, 
1940. Under the plan described 
therein Municipal Electric Utilities 
are given the option to continue to 
treat the annual adjustment account 
as heretofore, or, if they prefer, to in- 
clude the debit or credit involved in 
their business for the next succeed- 
ing year. Moreover, if they wish to 
do so, they may now distribute the 
payment of any thirteenth annual ad- 
justments debits over the remaining 
months of the Commission’s fiscal 
year. 


THE ST. LAWRENCE DEVELOPMENT 

For more than two score years the 
development of the St. Lawrence river 
for navigation and power has been a 
dream in the minds of the people of 
the United States and Canada. Sev- 
eral times interest and activity has 
been stirred to a high pitch. 

In 19382 the advocates of develop- 
ment appeared to be on the verge of 
success. After exhaustive study by 
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national engineering bodies and 
lengthy negotiations between repre- 
sentatives of the governments of the 
two countries a treaty designed to 
provide the basis for the undertaking 
was signed. 


The treaty provided for the orderly 
improvement of the river sections of 
the waterway from the head of the 
Great Lakes to Montreal harbour. It 
also provided for the immediate de- 
velopment of the water power in the 
international rapids section of the St. 
Lawrence river as an integral part of 
the comprehensive project; this in- 
ternational rapids development was 
to have been a joint undertaking for 
navigation and power. 


Canada and Ontario entered into an 
agreement at this time under which 
the power on the Canadian side was 
to have been developed by the Prov- 
ince. 

When submitted to the United 
States Senate the 1932 treaty failed 
to receive ratification. In consequence 
it was never formally presented to the 
Parliament of Canada nor was the 
Canada-Ontario agreement submitted 
to the Provincial Legislature. 

During 1937 discussion of the di- 
version of Northern waters into the 
Great Lakes through Long Lac and 
the Ogoki river, and the exclusive use 
by Canada of waters so diverted all 
down the international boundary, fo- 
cussed considerable attention upon the 
need for an international arrange- 
ment under which these international 
waters could be more effectively used 
to meet the needs in each country. 

In May, 1938, Mr. Cordell Hull, 
Secretary of State for the United 
States put forward a comprehensive 
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proposal for the settlement of prob- 
lems on the entire Great Lakes-St. 
Lawrence waterways system. Mr. 
Hull submitted a draft treaty which 
provided as before, for the construc- 
tion of a deep waterway from lake 
Superior to Montreal harbour and as 
before for the development of power 
in the international rapids section of 
the St. Lawrence river. 


This treaty also provided for the 
construction of remedial works for the 
protection of the scenic beauty of 
Niagara falls and the development of 
additional power from the Niagara 
river. This provision, which makes 
additional Niagara power develop- 
ment contingent upon the St. Law- 
rence Waterways agreement, is of sig- 
nificance. 

Toward the latter part of 1939 dis- 
cussion of the Hull proposals was op- 
ened between representatives of Can- 
ada and Ontario and early in Janu- 
ary 1940 negotiations between Canada 
and the United States commenced. It 
is my understanding that Canada and 
the United States are in substantial 
agreement and that the way to sign- 
ing a new treaty is open. 

The general scheme of development 
chosen by those responsible as the 
basis for the treaty now under nego- 
tiation was selected with a view to 
avoiding features which in 1934 
aroused objections in the United 
States Senate and may have been 
partly responsible for the defeat of 
the measure when submitted to that 
body. From an engineering stand- 
point the development plans are per- 
fectly sound. They also have the ad- 
vantage of being materially lower in 
cost than those that were incorporat- 
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ed into the 1932 treaty, while at the 
same time affording full protection 
for all the interests in the various sec- 
tions of the St. Lawrence river. 


Under the Hull draft treaty the 
United States assumes nearly all of 
the cost of the joint works and the 
works solely for navigation in the in- 
ternational section of the river. The 
United Statés does this in recognition 
of expenditures already made by Can- 
ada at other points—for example, on 
the Welland canal linking lake Erie 
and lake Ontario—and with a view to 
effecting a more equal international 
division of the total cost of the pro- 
ject from the head of navigation to 


the Montreal harbour. 


In his letter to the Government of 
Canada, Mr. Cordell Hull summarized 
the provisions in the tentative draft 
treaty in the following words: 


“In -brief,. (the 
would: 


(a) enable the United States to go 
forward immediately with the 
International Rapids Section link 
in the proposed St. Lawrence 
deep waterway and the incidental 
power development; 


proposed treaty 


(b) defer Canada’s responsibility for 
completing its share of the water- 
way for a sufficient time to as- 
sure the readiness of the Ontario 
power market to absorb its share 
of the power; 

(c) provide for an_ international 
commission to develop plans and 
advise the two Governments in 
a program to promote the most 
advantageous use of the entire 
Great lLakes-St. Lawrence _ re- 
source ; 
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(d) assure the immediate undertak- 
ing under tthe supervision of this 
commission of the proposed reme- 

dial works to preserve the scenic 
beauty of Niagara Falls; 
permit the Province of Ontario 
to go forward with its plans for 
diversions from the Albany River 
basin into the Great Lakes and 
utilize such additional water for 
power at Niagara; 
make available considerable ad- 
ditional Niagara power to each 
country for development at will; 
and 
enable the proposed commission 
to proceed immediately with the 
preparation of comprehensive 
plans for more efficient use of 
the resources of the Niagara 
River.” 

The question of whether the inter- 
national section should be developed 
in one or two stages has been the sub- 
ject of much expert discussion and 
has also aroused considerable public 
interest. It is a question of such 
magnitude that it must be settled 
very largely upon engineering and 
economic grounds. Of necessity the 
choice must take into account a valu- 
ation of the combined influences of 
capital cost and operating expense, 
and the final choice must reflect the 
best combination between these two 
having due regard for the quality and 
performance of the works and for his- 
torical and sentimental values. 

Owing to the fact that Canada has 
already expended much larger sums 
than the United States on existing 
works which are essential units of 
a deep waterway from lake Superior 
to Montreal harbour, Canada was to 


(e) 


(f) 


(g) 
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be relieved, under the 1932 Treaty, 
of the cost of all works common to 
the navigation and power and of the 
major part of the works strictly for 
navigation in the international sec- 
tion. Canada’s contribution to the 
completed project consisted of works 
largely in the Province of Quebec. 
After allowing for fixed contributions 
which ‘Ontario undertook to make to 
Canada in return for the enjoyment 
of joint works and power works, Can- 
ada’s net cost for the completion of 
the deep waterway was to have been 
something in the order of 45 million 
dollars. 

Assuming that the division of costs 
under the new agreement would not 
be materially different from the old, 
this cost of 45 million dollars may 
be taken to represent Canada’s out- 
of-pocket expense under the new 
agreement. In the event of an agree- 
ment now, the works in Quebec need 
not be undertaken until after the end 
of the war. 

The significance of the foregoing 
will be apparent at a later stage in 
this discussion. 

I think it is quite evident that this: 
development could hardly be classed. 
as a war measure, for even if it were 
undertaken to-morrow, it would be 
five years at least before it could 
become of use. There may be many 
people who would question the wis- 
dom of inaugurating so great an un- 
dertaking at this time. That view- 
point is understandable, but there: 
are circumstances under which ac- 
tion must be taken at the time when 
it is possible to take it. Where there 
are four parties to any agreement and. 
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a fifth that must be considered, one 
of the major difficulties is securing 
a united opinion. This project that 
involves Canada and the United 
States, New York State and the Prov- 
ine of Ontario as active participants, 
(with Quebec as an indirectly inter- 
ested one) has been fraught with all 
of difficulties and 
otherwise. It has come to a stage 
now where there must be some meas- 
ure of compromise. Where three of 
the four participants are ready, and 
where the fourth believes in the 
soundness of the project, the occa- 
sion may be said to be opportune. If 
it were not for the war we should 
searcely hesitate; if we wait, other 
even more formidable obstacles may 


sorts political 


arise. 

I hope what I have said has made 
reasonably clear the ramifications of 
the St. Lawrence project and the 
Commission’s direct and indirect in- 
terest in it. Now a word about the 
negotiations at Ottawa and Washing- 
ton. From news accounts of the nego- 
my part in them might 
easily be misunderstood, yet it is 
casy to explain. 


tiations, 


I believe the St. Lawrence naviga- 
tion and power project to be sound. 
I believe also that if an expenditure 
of approximately $45,000,000 by Can- 
ada were needed to remove an ob- 
struction in the way of 35 ft. naviga- 
tion from Quebec to Montreal, it 
would be forthcoming overnight. I 
believe too that Canada need have no 
greater hesitation about making a 
like expenditure to bring 27 ft. navi- 
gation from Montreal to Port Arthur 
and Fort William. My contention is 
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borne out by the actual expenditure 
on the St. Lawrence ship channel be- 
tween Quebec and Montreal. Since 
1925 at least $45,000,000 has been 
spent on this channel in addition to 
$26,000,000 previously expended. 

But my primary and official con- 
cern is with the power aspect of this 
question. No doubt you realize that 
the Commission is not as yet depen- 
dent upon the early development of 
the St. Lawrence for its additional 
power supplies, even though ad- 
ditional quickly-available Niagara 
power and the use of water from the 
Ogoki and Long Lac diversions are 
linked with it. 


What we must know, and must 
know soon, is whether or not the St. 
Lawrence is to go ahead at once. Our 
plans for the next five or six years 
will be very different in the one case 
from the other, and we must have 
a decision that will enable those 
plans to be laid within a very few 
months. This is the crux of the whole 
situation so far as I and my col- 
leagues are concerned. 


My part in the negotiations has 
been to furnish engineering informa- 
tion, to help explore possible engi- 
neering compromises essential to 
agreement, and to help reconcile 
divergent engineering and economic 
views. Any pressure from me has 
been for a decision as to whether or 
not to proceed: never for a particular 
decision, either affirmative or nega- 
tive. Nevertheless I repeat that I 
consider the St. Lawrence project 
sound having regard to the relatively 
small capital expenditure required 
on the part of Canada. 
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MORE BOUNTIFUL FUTURE 

I know that there are those who 
have quite openly stated that this 
war will be the end of the civiliza- 
tion that we have known. For my- 
self, I cannot hold any such view. 
Dreadful it may be—destructive it 
may be—a terrifying drain on re- 
sources that might have been used 
to promote a lasting human good; 
but it is not the end. I do not believe 
that this Nation and this Empire that 
entered this war with hands that are 
clean, can be destroyed by any power 
in the world. 

And so I look forward, even to a 
material expansion in the system 
with which I am associated, without 
any feeling of dread or uncertainty. 

The history of Canada in the quar- 
ter century since the World War 
burst upon us, has been in the main 
a story of a progress to an established 
nationhood. We who were almost un- 
known in those days have become 
the fifth great trading nation of the 
world. From that tragic August day 
of 1914 the path we have followed 
has been one of steady progress. 


Let me quote some figures which 
speak of the progress of these years: 


Gold output in 1914 was 800,000 
ounces. 
ounces. 

Petroleum output in 1914 was 
200,000 barrels. In 19388 it was 
7,000,000 barrels. 

Sugar production in those years 
rose from 70,000,000 pounds to 
1,070,000,000. 

There were 25,000 automobile 
units produced where last year we 
produced 175,000 units. 
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bountiful future. 


In 1938 it was 4,700,000 . 


Mineral production has risen 
from a value of $144,000,000 to 
$444,000,000. The capital in indus- 
try has more than doubled. 

Our manufactured products are 
to-day almost three times as great 
as they were in 1914. 

Our balance of trade has shown 
a spectacular change. In 1914 we 
exported $400,000,000 worth of 
goods, and we imported $600,- 
000,000. In 1988 we had increased 
our imports by only $58,000,000 
but our exports had reached $927,- 
000,000, turning the trade balance 
Sharply in our favour. 


In the face of these facts we would 


be men of little faith if we did not 


look ahead and prepare for a more 
In such a future 
the demands made upon industry will 
be vastly enlarged, and industry will 
make new demands on power. There 
will be a growing demand, too, for 
electrical energy to release us from 
drudgery. 


WEIGHTY DECISIONS 

Let us review the situation we 
now face as it affects our immediate 
responsibilities. On the Niagara sys- 
tem we have in hand resources sufh- 
cient to protect our growing demand 
for about two years. On other sys- 
tems we have a less generous margin, 
in fact on some systems our margin 
of reserve is such that early action 
is necessary. Even so adequate pro- 
visions can be made in all cases. 


That it is our job to meet the de- 
mands of war industry, whatever 
they may be, I know you will agree. 
Yet future needs were never more 
difficult to estimate. The reasonably 
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possible maximum and minimum de- 
mands never seemed so far apart. 
One of the most vital questions—how 
long will the war last—is as uncer- 
tain and impossible to answer as ever. 

In this maze of uncertainties and 
indeterminates, weighty decisions 
must soon be made: decisions that 
are important for industry, that may 
make or mar Ontario’s war effort, 
that have far-reaching consequences 
for Hydro. I am not now in a position 
to deal specifically with these deci- 
sions. In any case, the responsibility 
for them rests upon this Commission 
and we are prepared to accept it. 

Since there is so little hope of hit- 
ting the mark squarely by making 
perfect provisions as to quantity and 
time of maturity, suppose we examine 
the consequences of missing the mark 
on one side or the other; in other 
words, the consequences of under or 
over-supply. 

Over-supply, as we well know, is un- 
desirable from a financial viewpoint. 
It costs money. But cost is measur- 
ed in dollars and financially Hydro is 
very strong. The loss of a great 
many dollars would not be crucial. 

Under-supply, as we know equally 
well, is a different story. Leectoo, 
would have a dollar effect, directly 
upon industry, but an effect that, by 
comparison with other effects, we 
would count as insignificant. The real 
cost of under-supply would be meas- 
ured in terms of those things in life 
that we hold most dear. The loss of 


young human lives and the weakening 
of our war effort with all the frightful 
consequences it might entail. 

Between such courses I do not think 
any one of us would hesitate. Hydro 
must and will prepare to meet the 
demands that may be made upon it 
for the furtherance of this war. Nor 
can we wait until the demand de- 
velops. We must plan and move in 
advance. Happily for us I see no 
reason to believe that this policy will 
even faintly endanger the soundness 
of our enterprise. 

But I want you to keep in mind that 
we cannot escape one risk or the 
other. No course open to us is per- — 
fectly safe. 

These years will pass. Time will 
tell whether our course was near or 
wide of the mark. I want to say now 
that these decisions we must soon 
make should then be reviewed in the 
light of the urgency of the moment in 
which they were made; that they 
should be considered in the light of 
what we know now, not upon facts 
which later may be patent to us but 
which now we can neither know nor 
foresee. 

We are told that our industries are 
to be organized on an unprecedented 
scale. We are told that in a long war 
Canada may become the arsenal of the 
Empire. To what extent this may be 
true, I cannot say. But I can tell you 
that Canada cannot possibly play such 
a part unless she can supply huge ad- 
ditional quantities of power. 
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Public Relations 


By E. V. Buchanan, General Manager 
The Public Utilities Commission, London, Ontario 


66 UBLIC Relations”. is a 
hackneyed, high - sounding 
phrase but there seems to 
be no better one to express 

the idea to be discussed. In big 

business there is to be seen, unfor- 
tunately, much unethical propaganda 
worked out by gentlemen called pub- 
lic relations counsellors, their title 
being so often a pompous disguise 
for catch-as-catch-can press agents. 

The matter in hand, however, at 

once excludes all 

devious and artful words and acts 
of such people. It is not a scheme 
for the justification of improper prac- 
tices; it igs concerned solely with the 
honest interpretation and moulding of 
public opinion with respect to Hydro. 

There is probably nothing set forth 
in this address which is new, but if 
emphatic reiteration is of any value, 
then some good may be done the cause 
of Hydro. 


First, let the question be asked, 
“What is this Hydro enterprise?” Sir 
Adam Beck and his associates, when 
Hydro was. conceived, did not think 
so much of kilowatt-hours delivered 
all over this province at prices lower 
than those, then charged by private 
companies, but rather did the found- 
ers have a vision of the potential 
energy of our natural resources trans- 
formed into better living conditions, 
comfort and convenience in the home, 


Precented to the Ontario Municipal Electric 
Association and the Assneciaticy of Municina!l Elec- 
trical Utilities at Toronto, February 7, 1940. 
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the persuasive,. 


the office, the farm and the factory, 
thus the motto on the crest of The 
Hydro Electric Power Commission of 
Ontario, “Dona naturae pro populo 
sunt.” 

It is well that to-day we should keep 
this vision clearly before us because 
numerous are the moralists who have 
attacked this machine age as the 
source of all the ills we bear. But is 
it not that these folks, who complain 
of man’s progress, confuse means 
with ends? The machine is not an 
end; it is a tool. 

The Hydro system is only the tool, 
but if the tool is to accomplish its 
purpose it must be kept in good work- 
ing condition, and thus the first step 
in rendering a worthwhile service to 
produce good and satisfactory results 
for and relations with the public is 
to have the system operate smoothly 
and efficiently, because every single 
thing which is done within the organ- 
ization has some effect on the cus- 
tomer or the public on the outside. 

It now follows, logically, that this © 
smooth running and efficiency rests 
with each and every one of the em- 
ployees and so the co-operation of an 
enthusiastic and well trained staff 
must be secured. It is not a one-man 
job or even a departmental job, but 
concerns the commissioners and staff 
down to the office boy. 

The Electrical World is authority 
for the following statement: ‘“Hap- 
piness in one’s work springs from 
many causes. There is the work itself, 
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the compensation, opportunity for ad- 
vancement, job security, retirement 
pensions, attitude of management as 
reflected by the boss. 

“The work of public utilities men 
is pleasant, clean and, except for the 
unusual emergencies when everybody 
gives of his utmost, is not slave driv- 
ing in nature. This, plus the stabil- 
ity of employment, old age security, 
and certain other advantages, such as 
sickness relief etc., caused people to 
seek jobs with the utilities; notwith- 
standing the fact that with job secur- 
ity must necessarily go slowness of 
advancement, and fair but not the 
large compensation of competitive 
employment.” 

Surely if these are the means to 
happiness in one’s work, then the 
average Hydro employee has a de- 
cidedly good chance of realizing that 
state. Add to these things the feel- 
ing that he has an opportunity to be- 
come a really good public servant, to 
accomplish things a little above the 
ordinary, to display a little more skill 
than is called for in the usual daily 
routine, then supply the training 
which will enable him to give the 
right answers, as well as the training, 
if necessary to do his regular work 
better. 

In the selection and training of em- 
ployees it is necessary first that they 
be skilled in their technical and me- 
chanical characteristics and then to 
see that their comportment towards 
the public both ‘on duty” and “off 
duty” is good. They must be in- 
structed how to receive criticism; 
they must have not only a knowledge 
of the rules and regulations, but the 
reasons for their adoption. They 


should be kept informed of the activ- 
ities of the whole organization, a 
weekly bulletin being a good medium 
to obtain this result. 

It is not the intention, here, to dis- 
cuss the various methods of selecting 
and training employees, but only to 
emphasize the necessity of such selec- 
tion and training. Remember, it is 
difficult to teach an old dog new tricks, 
therefore, employees must be well 
selected and trained early. Notwith- 
standing all the selection and training 
that can be done, the employee re- 
mains a human being just as much as 
any member of the public. Any red- 
blooded employee can only be expected 
to stand so much abuse, and explo- 
sions may be expected occasionally, 
but courtesy should be the rule. How- 
ever, it is very easy to overwork such 
phrases as “I’m sorry”, ‘‘Please’”’ and 
“Thank you”. The public will laugh 
at “that symbol of insincerity, the 
artificial honeyed voice”. It is much 
better to be natural, but again it is 
emphasized that employees, who come 
most frequently in contact with the 
public, should be selected because they 
are naturally pleasant, reasonable and, 
above all, intelligent. 

Employees should always be court- 
eous but they must also be firm when 
necessary. The old slogan ‘‘The cus- 
tomer is always right” is an indica- 
tion of weakness on the part of the 
management or a willingness to bribe 
the customer for the sake of peace 
and good-will at any price. In a 
publicly owned utility such as Hydro, 
no employee has any right to extend 
favours to one customer at the ex- 
pense of the others. Undoubtedly the 
customer is often right and the job is 
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to find out what it is that the cus- 
tomer is right about, and just why 
he is right about it. Again when he 
is wrong it is equally important to 
determine why he is wrong. It is no 
use to say that the public is stupid, 
although someone has facetiously sug- 
gested that the prospective customer 
should undergo an intelligence test 
before being connected to the Hydro 
system. However, if something can 
be done courteously and patiently to 
instruct the public, good results will 
be attained. A curbside philosopher 
expressed himself thus: “It ain’t ig- 
norance, so much, that does the harm, 
as folks knowing so many things that 
ain’t-so’. 

If sometimes one is apt to conclude 
hastily that the public is not overly 
intelligent, there is no excuse for lack 
of intelligence and knowledge on the 
part of the Hydro employees. Noth- 
ing will create bad public opinion 
more quickly than incorrect or in- 
sufficient information and advice from 
employees. Customers should not be 
re-directed from one telephone to an- 
other or from one desk to another. 
Intelligent and helpful assistance 
should be forthcoming instantly. 
Again, when there is the least reason 
to suspect that the customer is right, 
he should be given sympathetic atten- 
tion. There are just as many lessons 
to be learned from the complainant as 
from the enthusiast. It is necessary 
for every employee to keep an open 
mind and to avoid the attitude, that 
everyone who differs with him is 
either a crook or a moron. 


With just the right attitude ac- 
quired by the employee in treating the 
public decently, the man in the street 
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is apt to say of Hydro, “Well, maybe 
that outfit is paying high wages and 
salaries at my expense, but look what 
you get—it’s a wonderful service and 
a crowd of great people’. 


The manager is, of course, re- 
sponsible for the operation of the sys- 
tem and the conduct of the employees. 
By his personal contact with and ex- 
ample to the staff he can create an 
esprit de corps which, to the Hydro, 
will be an asset beyond price. But the 
manager and his staff are not alone 
responsible for the public’s opinion of 
the organization. There are the com- 
missioners who are elected by the 
people, and, it seems to be a fact, that 
the best of municipal elected repre- 
sentatives are the Hydro Commission- 
ers, but notwithstanding this, it has 
happened frequently in many munici- 
palities that good public relations 
have been injured by thoughtless 
statements and actions by commis- 
sioners. Could not the ‘‘washing of 
dirty linen” which is sometimes 
necessary, be done in private for the 
welfare of the system and, therefore, 
in the public interest? Would it not 
be wise for a commissioner, before 
discussing the affairs of the Hydro on 
the street corner or at a meeting, to 
ask himself what his attitude might 
be if he were a majority stockholder 
in the enterprise? Commissioners can 
assist greatly in creating better pub- 
lic relations. 


The General Motors Corporation 
has a slogan “Find out what the pub- 
lic likes, and do more of it; find out 
what the public does not like, and do 
less of it”. When the customer does 
not like the service, either there is 
something wrong with the service, or 
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else there is something wrong with 
his understanding of it, or maybe it’s 
something wrong with both. Remem- 
ber that the customer is becoming an 
expert in the application of Hydro 
service; he knows what he wants 
Hydro to do for him and he believes 
it is the Hydro man’s job to do it in 
spite of all technical difficulties. 


Hydro has done a good job and ren- 
dered good service, but because of 
that very fact even better service is 
expected. Twenty-five years ago long 
interruptions were commonplace; to- 
day, momentary breaks in service 
rouse the public to anger. Voltage 
regulation that was thought good at 
one time by Hydro engineers is often 
found unsatisfactory, without the aid 
of a voltmeter by customers to-day 
who have been made light conscious 
by the Better Lighting Campaigns. 

The General Motors’ slogan may be 
sufficient for a private enterprise with 
goods to sell for profit, but a public 
undertaking like Hydro should go 
further. Abraham Lincoln said, “He 
who moulds public opinion is greater 
than he who enacts the laws”. Be- 
cause the public cannot possibly 
understand all the details and work- 
ings of the Hydro system as thorough- 
ly as do the executives and engineers, 
it is evident that the opportunities are 
not limited to meeting the demands 
made by the public, but rather require 
these heads of Hydro to be the actual 
creators of public opinion. 


Principal Wallace of Queens Uni- 
versity, speaking before the Pro- 
fessional Engineers of Ontario a week 
ago in this hotel, stated that if social 
and economic progress had lagged be- 
hind scientific and engineering de- 


velopment, then, the responsibility 
rested with the engineer to use his 
special training to correct such a con- 
dition. Is it not suggested, then, that 
here is an opportunity for Hydro men 
to see to it that all the social and 
economic benefits to the public are 
fully obtained from such an excellent 
engineering accomplishment? 


A whole generation has passed since 
the newspapers ran, almost daily, 
eight column headlines about Adam 
Beck and his great public ownership 
enterprise. It is quite possible, that 
a majority of the younger generation 
in Ontario, to-day, could not unhesi- 
tatingly answer the question, “Who 
owns Hydro?” But in the early days 
of the enterprise everyone knew all 
about it, and an excellent job was done 
in moulding public opinion. 

Here, it seems appropriate to 
lament that no one has yet written a 
good biography of Sir Adam Beck; 
the longer it is left undone, the more 
difficult it will be to collect the data 
when his contemporaries are gone. 


Hydro has since done much that the 
public would applaud if it knew more 
about it and a number of recent pub- 
licity programs by the Ontario Com- 
mission have taken full cognizance of 
this fact. Local commissions would 
do well to follow up such programs 
although it is recognized that to pro- 
mote and complete them successfully 
is not a simple task. The high 
pressure salesmanship of these days 
in big business by personal contact, 
in print, and on the air has made the 
unbelievers mighty in the land. 

Good and close contact with the 
local newspapers is essential. Lots of 
facts about the activities of the sys- 
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tem, monthly financial reports and 
statistics create interest, especially if 
they are served up in a way which 
illuminates them with new and cred- 
The newspaper stories 
need not always be good or sugar- 
coated news. If information is freely 
given about faults and mishaps, a 
greater spirit of trust and acceptance 
will be found amongst the public. 
Truthfulness and sincerity are the 
greatest factors in a Hydro public re- 
lations program. The President of 
the United States in his Jackson Day 
dinner speech a few weeks ago said: 
“Motives in the long run are what 
count—motives and good manners”’. 
A word on advertising may not be 
out of place. The advertisement 
which devotes itself to selling an ap- 
pliance or a concrete service seems to 
produce more direct results than any 
other kind, but the advertisement 
known as “Institutional Advertising” 
is probably not without its effect, al- 
though this type should not be too 
idealistic. It should contain hard 
facts, and be straight from the 
shoulder with a punch. Here is an 
advertisement in the yearly financial 
survey of the London Free Press— 


TO THE CITIZENS 
OF LONDON! 
This Advertisment is 
Published at your expense. 


We make this extraordinary 
statement in order to startle you 
into a realization of the fact that 
the Public Utilities are your 
business, and yours alone. Your 
responsibility is not relative but 
absolute. It doesn’t concern any- 
one else, and so with complete 
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clarity of vision in the matter, 
make it your personal affair to 
support your Public Utilities in 
every way. Don’t allow your in- 
terest to wane with the thought 
that “Business is up, rates re- 
duced and the financial balance 
satisfactory’. Keep in mind the 
cost of operation but also remem- 
ber the quality of the service to 
you and your fellow citizens. 
Hydro, Waterworks, Parks, Play- 
grounds, London & Port Stanley 
Railway — Use Them. 
The Public Utilities Commission. 
Considerable reaction was obtained 
and on the whole the public took it 
in good part and in discussion ap- 
peared a little chastened by their lack 
of interest and responsibility. The 
Public should be told more about its 
responsibilities, than of its privileges 
in these days of tottering democracy. 


Another way to stimulate interest 
and lead opinion is through the 
schools. It has been suggested to 
the Ontario Commission that a pam- 
phlet be printed in co-operation with 
the Department of Education of the 
Province for use in the class known 
as “Business Practice’ now on the 
curricula of all secondary schools. 
At present quite a lot of misinforma- 
tion is being handed out by teachers 
lacking correct data. 


The demand for special service by 
the public from the utility grows 
constantly and adds to the cost of 
operating the utility. Commissioners 
may have wondered why unit costs 
of operating local plants continue to 
increase when they might naturally 
be expected to come down with in- 
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An 
investigation will readily show that 
the public is demanding, and is get- 


creasing numbers of customers. 


ting many times the amount of ser- 
vice compared with that rendered in 
years gone by. Immediate connec- 
tions and disconnections, night ser- 
vice men, messengers to take applica- 
tions, longer office hours for payment 
of bills, home service men, together 
with many other services which 
might be mentioned, are the reasons 
for these rising costs. Whether or 
not it were advisable to pamper the 
public is not now a question; it is not 
possible to turn back, and everything 
should be done to keep these services 
on the most efficient plane. 


It is believed that the utility should 
make available every service demand 
by the public and within the power 
of the staff to accomplish, but these 
services should be paid for by the 
customer receiving them, unless they 
are such as any customer is likely 
to require through no fault or spe- 
cial desire of his own. If some spe- 
cial service is sought, even if only 
remotely connected with Hydro ac- 
tivities, it should be willingly given 
if any member of the staff has the 
technical or mechanical ability to 
perform it, and if there is no conflict 
with any local commercial or profes- 
Sional interest. 


While writing this paper, the 
author has been alternately beset by 
waves of cynicism and idealism, of 
pessimism and optimism, and an 
effort was made to maintain as flat 
a load chart as possible, but it would 


appear that there are more peaks 
than valleys, and so one more peak,— 
it is a quotation from a speech by 
Sir Adam Beck at a complimentary 
dinner tendered to him in 1913 by the 
grateful citizens of London, Ontario. 

He said: 

“I am the servant ‘of the 
people. My greatest joy is to 
make the lot of everyone within 
the range of my work and influ- 
ence brighter, and better. If I 
have helped to make the goods 
of the merchant, and the home of 
the poor safer from fire, I am 
glad. If I have helped to lessen 
the cares of the housewife by 
making electricity her servant, I 
have my reward. If I have helped 
the farmer to make life more at- 
tractive to the boys and girls on 
the farm, then I have not labored 
nor have you co-operated with 
me in vain. If I have helped to 
save the life of any afflicted child 
or lengthened the days of any 
afflicted, Iam happy. The day of 
the people is come. In the win- 
ning of these great victories I 
am but one, but you are many. 
Let us set our faces toward 
the attainment of even greater 
things.” 

And so in conclusion; it is sug- 
gested that those gathered here rep- 
resenting this great Hydro move- 
ment assume the roles of disciples, 
interpreters and leaders. If this ad- 
vice is accepted, no one can tell what 
fascinating possibilities the future 
may hold in better living for the 
people of this Province. 
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An Outline of Unit Substations 
For Distribution Systems 


By C. H. Hutton, B.A.Sc., M.E.I.C., Chief Engineer, Hamilton 
Hydro-Electric System 


Some of the illustrations referred 
to have been omitted in the printed 
copy of this paper. These and addi- 
tional illustrations were shown by the 
speaker during his talk—EDITOR. 


HE City of Hamilton proper 

is about 6144 miles long and 

varies in width from about 

2 to 34% miles. In this area 
‘there are at present eight 25 cycle and 
one 66 cycle 13 kv. step-down trans- 
former substations and three 66 cycle 
44 ky. substations, 12 in all belonging 
to the Hamilton Hydro. Heavy indus- 
try is served in addition through ele- 
ven 13 kv. “customer” substations 
chiefly in the northern sections of the 
city. Of the eight 25 cycle 13 kv. 
stations three are of the conventional 
type and are operated by 3 shifts of 
operators, one man to a shift. Five 
are unattended “Unit Substations” 
operated on the synchronous visual 
supervisory control principle over four 
telephone leads from three of the at- 
tended substations, so that we have 
at any one time three operators on 
duty responsible for the operation of 
eight stations. A roving attendant 
looks after the housekeeping of the 
five unit substations. Each of the 
eight supervised substations receives 
potential from the 13 kv. sub-trans- 
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mission system of the Hamilton Com- 
mission, most of which is underground 
lead-covered cable. 

The 13 kv. sub-transmission system 
is in turn fed from three H.E.P.C. 110 
kv. terminal stations, one at each end 
of the city and just outside the pres- 
ent corporation boundaries and the 
third very close to the commercial and 
residential load centre within the city 
proper. 

Circles with a half mile radius 
drawn about these eight substation 
sites will touch or overlap in the case 
of six substations. Circles one mile 
in radius will overlap two or more 
other one mile circles and cover the 
entire city with the exception of a 
strip on the south escarpment area of 
relatively low load density about % 
mile wide and a little over 2 miles in 
length. 

One 66 cycle 13 kv. substation now 
of little importance is, incidentally, 
completely automatic consisting of a 
railway mercury arc rectifier and a 
couple of distribution feeders equip- 
ped with re-closing circuit breakers. 

It igs axiomatic in the distribution 
of electrical energy that we may effect 
maximum efficiency by transmitting 
the maximum distances possible at the 
maximum voltages that are available 
to us and the minimum distances at 
the lower potentials that we must nec- 
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essarily use to enable men to work 
with safety on energized circuits. 

Hamilton may be taken as a typical 
Ontario municipality where we have 
say 13 or 26 kv. supply voltages from 
the Provincial Commission and 2300 
or 4000 v. municipal primary distri- 
bution feeders and 115-280 or 550 v. 
secondary. Thus the more we can make 
use of the 13 kv. potentials to deliver 
blocks of energy to local load centres 
throughout the municipality and the 
shorter we can make the length of 
the 2300 or 4000 v. feeders, the more 
nearly will we approach conditions of 
maximum efficiency. 

If we must reduce the length of 
our 2300 or 4000 v. distribution feed- 
ers to effect this ena, it follows that 
we must provide a greater number of 
step-down transformer stations locat- 
ed closer together and the more we 
have the smaller they will become in- 
itially. As the load density increases 
in any of these loval substation areas, 
it then becomes only necessary to in- 
crease the substation capacity and 
run additional feeders and not neces- 
sarily to increase the number of sub- 
station locations. 

For each feeder voltage level, 2300 
or 4000 volts, there appears then to 
be a spacing of substations which 
should not be exceeded and which 
should be selected and worked to in 
our layout program for future devel- 
opment. 

It is not so very long ago that a 
new substation required an additional 
crew of operators, so that while it has 
always been more efficient to make 
maximum use of the H.E.P.C. supply 
voltages in preference to relatively 


long primary feeders and space the 
substations relatively close together, 
it certainly was not more economical 
to do so. 

The development of station trans- 
formers, especially 3 phase, circuit 
breakers, on load potential regulation 
devices, metal-clad unit assemblies for 
both outdoor and indoor use, together 
with the means for the automatic or 
remote supervision of these elements 
of substations, has now changed the 
economics of substation spacing and 
made it quite possible for us to locate 
substations with some consideration 
to local load centres, feeder voltage 
levels and lengths of feeders. 

The component elements of substa- 
tion design have become more or less 
standardized with some manufactur- 
ers, as have types of assemblies of 
these elements, so that now we may 
have a factory made assembly of 
standardized elements wrapped up in 
one, two or more metal-clad packages 
and referred to as a unit substation. 
Such assemblies can now be obtained 
for indoor, outdoor or submersible in- 
stallation or part outdoor and part 
indoor. They may also be obtained 
suitable for radial distribution sys- 
tems, or network distribution systems, 
or for customers’ substations. These 
assemblies take different forms de- 
pending upon the use to which they 
are to be put. It may be of interest 
to you gentlemen to consider here 
some of the types of equipment com- 
monly known as factory assembled or 
unit substations and some of the ap- 
plications that have been made, to- 
gether with a word or two as to their 
principal detail. 
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Cut No. 1—Kenilworth Ave. station. 

The Hamilton Hydro was one of the 
first in Ontario to take advantage of 
factory assembled or unit substation 
elements. Perhaps that is why your 
papers’ committee has asked me to 
‘give this brief outline of this sub- 
ject today. 

Very recently, three residential type 
unit substations were completed and 
put in service in Hamilton that have 
provoked some favorable comment — 
one in the extreme south-easterly por- 
tion of the city known as the Kenil- 
worth Ave. Station, one in the west 
district known as Stroud’s Lane Sta- 
tion, and one on the south-west of 
the city known as Aberdeen Ave. Sta- 
tion. These three residential substa- 
tions are almost identical in equip- 
ment, differing only in the architect’s 
treatment of the building. The unit 
elements comprising the equipment in 
these stations are as follows :— 

Umt No. 1—Consists of 3-1500 kv-a., 
0.1.s.c.r. transformers stepping 
down from 13.2 kv. to 2300 volts. 

Umt No. 2—Comprising the 13 kv. oil 
circuit breaker assembly consist- 
ing of 2-13 kv. oil breakers to- 
gether with their associated oil 
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Cut No. 2—Rear of Kenilworth Ave. 
station showing transformers. 


disconnecting switches, meters 
and control equipment, shop as- 
sembled in one metal-clad gum- 
filled package. 

Unit No. 8—Comprising the 2300 v. 
oil circuit breaker unit assembly 
consisting of 8-2300 v. feeder 
breakers together with their as- 
sociated oil disconnecting switch- 
es, meters and control equipment, 
shop assembled in one metal-clad 
gum-filled package. 

Umt No. 4—Comprising the control 
unit assembly and consisting of 
the supervisory relays, station 
service equipment, battery charg- 
ing devices, etc., mounted on sheet 
metal panels and screened from 
accidental contact by appropriate 
metal screens. 

In addition to the above units there 
are two batteries, one 125 volts for 
breaker operating energy and one 45 
volts for supervisory control energy, 
and the customary interconnecting 
power leads, all of which are p.i.l.c. 
cables. With the exception of the 
transformers, these unit assemblies 
are all indoors and housed in protec- 
tive buildings conforming architectur- 
ally with the surrounding neighbor- 
hood. All equipment, both indoors 
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Cut No. 8—Stroud’s Lane station. 


and outdoors, is arranged so that 
there are no exposed energized parts. 
In fact, we think it quite impossible 
for anyone to make accidental contact 
with an energized part even should 
they choose to climb’ over the per- 
manent equipment. 


These three unit stations in Hamil- 
ton may be taken as a conservative 
application of the unit substation idea, 
consisting as they do of three indoor 
and one outdoor unit assemblies. 

Cuts Nos. 1, 2, 3, 4, 5 and 6 illus- 
trate these residential substations. 

Cut No. 1 shows the front view of 
Kenilworth Ave. station and Cut No. 


Cut No. 4—Rear of Stroud’s Lane 
station showing transformers. 


Cut No. 5—Thirteen kv. oil breaker 
unit assembly in Stroud’s Lane station. 


2ayrear view. The three 1500 kv-a., 
0.1.8.c.r. transformers are effectively 
screened from view by an ornamental 
wall on the street side. 

Cut No. 3 shows a front view of 
Stroud’s Lane substation and Cut No. 
4 a rear view. The three 500 kv-a. 
transformers are installed temporar- 


Cut No. 6—Twenty-four hundred volt 
oil breaker unit assembly in Stroud’s 
Lane station, control unit assembly 
in the foreground. 
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ily during load growth. The screen- 
- ing here is being carried out by ever- 
green planting. The permanent trans- 
formers for Stroud’s Lane will likely 
be three 2000 kv-a., 0.i.s.¢.r. 

Cut No. 5 is a view of the 13 kv. oil 
breaker unit assembly in Stroud’s 
Lane station. A transfer truck for the 
lowering and moving of oil breakers 
may be noted in position parked be- 
neath the breaker tank on the left. 

Cut No. 6 is a view of the 2400 v. 
oil breaker unit assembly at Stroud’s 
Lane station together with the con- 
trol unit assembly in the foreground. 
The 2400 v. oil breaker transfer truck 
is parked on the extreme right in this 
view. 

The ultimate development in the 
unit idea is where all the unit as- 
semblies are combined in one factory 
made package, the whole made weath- 
er-proof by metal housing. Strange 
to say, such one package assemblies 
are referred to not as unit substations 
by the manufacturers, but as protect- 
ed power transformers. These pro- 
tected power transformers, however, 
combine in one piece of equipment the 
following functions normally associ- 
ated with a complete conventional sub- 
station, but with the added factors of 
economy, safety and convenience :— 

1. Voltage Transformation. 

. Automatic Regulation. 
. Automatic Switching. 
. Thermal Protection. 

. Metering. 

. Lightning Protection. 

Let us inquire as to just what is 
embodied in a typical one package unit 
or protected power transformer— 

1. We have, let us say, a 1000 kv-a., 
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3 phase, o0.i.s.c., outdoor type 
transformer perhaps 13 to 4 kv. 


Automatic on load tap changer 
equipment to regulate the output 
potential from say 5 per cent above 
normal to 5 per cent below normal 
in equal steps. Equipment has 
direct motor drive, position indi- 
cators and operation counters. Pre- 
ventive auto transformers, neces- 
sary current, potential and power 
supply transformers located in the 
main transformer compartment 
under oil. Remote manual and 
automatic control equipment in- 
cluding time delay relay and line 
drop compensator, usually mount- 
ed on a separate hinged panel in 
the control compartment. 
The low voltage or feeder switch— 
usually an air switch mounted in 
the switch compartment, d.c. oper- 
ated, with an interrupting capacity 
of perhaps 75,000 kv-a., together 
with remote manual and auto- 
matic control for the switch 
mounted on a hinged panel in the 
control compartment. Operation 
counters and position indicator. 
Control relays to provide tripping 
on— 
(a) Excessive transformer wind- 
ing temperature. 
(b) Over-current. 
(ec) Ground Current. 
(d) Reverse Power. 
Automatic re-closing for three re- 
closures followed by lock-out. In- 
dicating lights to show Switch 
Open, Switch Closed, Tripping Cir- 
cuit is energized. 
Protective links mounted inside the 
transformer tank between both 
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high voltage and low voltage in- 
coming lines and the transformer, 
so arranged as to disconnect the 
lines in case this may be neces- 
sary. Potential and auxiliary trans- 
formers are also protected by in- 
dividual links. 

Metering—usually consisting of a 
three phase watt-hour demand 
meter mounted on a panel in the 
control compartment for register- 
ing the output of the transformer. 
Thermal protection—three thermal] 
relays calibrated with actual tem- 
perature of transformer windings 
and mounted in the main trans- 
former compartment. Two sets of 
contacts are provided, the first to 
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indicate by individual lights when 
the maximum desirable winding 
temperature for continuous opera- 
tion in any phase has been reach- 
ed, the second to trip the low volt- 
age switch on excessive winding 
temperature. 

Lightning protectors. These are 
mounted on the transformer and 
connected to the high and low volt- 
age bushings and grounded to the 
tank. Inert gas cushion is auto- 
matically maintained at suitable 
pressure in the upper part of the 
main transformer compartment. 
The assembly is usually equipped 
with broad flanged wheels to fac- 
ilitate installation and relocation. 
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Cut No. 9—Low voltage side of a self 

contained unit with doors opened 

showing tap changer, meter panel and 
relay panel. 


Such a unit is shown in schematic 
diagram, Cut No. 7, and photographic 
cuts Nos. 9 and 11 (cuts No. 8, out- 
side view of unit and No. 10, high 


Se 


So 


Cut No. 11—Low voltage side of 
transformer unit, ease and metering 
etc. removed. 


voltage side, case removed are omit- 
ted). 

Cut No. 12 (illustration omitted) 
shows a conventional outdoor substa- 
tion of comparable capacity by way of 
contrast with Cut No. 8. 

(To be continued) 
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The Municipal Hydro- Electric 
Pension and Insurance Plan 


N the previous reports which 
have been made by the Commit- 
tee which administers this plan, 
we have dealt with the history 

and the organization, from the ori- 
ginal proposal which was considered 
at. the Convention at Niagara Falls 
on June 24th and 25th, 1925—and 
this plan, after compiling a great deal 


Report presented to the Ontario Municipal 
Electric Association and the Association of Mu- 
nicipal Electrical Utilities, Toronto, February 6th, 
1940. 


FEBRUARY, 1940 


of data, and having a number of con- 
ferences with various Insurance Com- 
panies, was brought into being in 
1929. So, we now have a number of 
Municipal Authorities which have 
been carrying Insurance and Pension 
for employees for at least ten years. 

Two years ago, a report was pre- 
sented at the Annual Convention on 
February 8th, 1938, which gave de- 
tails as to the system under which 
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the various branches of the plan were 
being carried out, and showing the 
different options in respect to insur- 
ance, and the divisions of the Pension 
Scheme dealing with Service Annuity 
A, Service Annuity B, and Income 
Annuity Pensions—and explaining in 
detail how each of these service plans 
was being operated. 

Under the agreement with the in- 
suring companies, which was for a 
ten year period, a conference was to 
be held at the end of this time to ar- 
range rates for a further period— 
and this conference was held between 
the Committee and the Insurance 
Companies, and the Hydro Electric 
Power Commission of Ontario — and 
a report which had been carefully pre- 
pared by Professor Mackenzie, M.A., 
Actuary to the Commission, was con- 
sidered by the various bodies; and 
after considerable negotiation, a new 
contract was entered into for a fur- 
ther period of five years, and which 
applies to each of the Municipal Au- 
thorities as they reach the end of 
their ten year period. 

There has been no change in rates 
for those employees of the various 
Commissions who had entered into 
the Plan during the first ten year 
period, but there has been a slight 
increase in rates for new employees 
entering the service of the Municipal 
Authorities after May 1st, 1939, and 
to all Municipal Authorities and their 
employees entering the Plan after 
that date. 

The Companies felt that the inter- 
est on the Joint Deposit Account, 
which had been 41% per cent was more 
than they could afford to pay, and they 
suggested reducing this interest to a 


rate of 344 per cent, but eventually 
the new contract was arranged so that 
the Joint Deposit Account would bear 
interest at the rate of 334 per cent— 
which the Committee considered a 
very fair and reasonable rate in view 
of the general reduction in interest 
rates during the past ten years. 

You will see by the report which 
follows that our Organization is still 
growing, and comparison with the 
previous report shows that the num- 
ber of Municipal Authorities has 
shown a steady increase over the 
years, as well as the number of em- 
ployees, and the amount of Insurance 
Benefit in force. 

We have succeeded during the past 
year in having the Commissioner of 
Income Tax grant to all employees the 
right to deduct from their income 
taxes the amount paid by them in pen- 
sion premiums. 


We have had a number of confer- 
ences with respect to carrying insur- 
ance on employees of local Commis- 
sions enlisting for active service Over- 
seas and negotiations have been car- 
ried on with the insuring companies, 
and a report prepared by Professor 
Mackenzie on the various suggestions 
made — one of which has been ap- 
proved by the Committee and Hydro 
Electric Power Commission of On- 
tario, to provide for special insurance 
on all enlisted employees from the 
time they embark for overseas ser- 
vice, as well as on those members 
enlisting in the Aviation Corps to 
train as Fliers. 

It was felt that the fairest way to 
deal with this matter was to have the 
cost of this insurance divided between 
all Municipal members of the Pension 
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and Insurance Plan in proportion to 
the payroll of each Municipality. 
There would be no extra charge for 
clerical work or administration of this 
special plan, and those employees who 
have enlisted, with the exception of 


those training for Fliers, would not be 
affected until such time as they em- 
bark for overseas. We hope to be able 
to give you the details of this separ- 
ately, as they were not ready at the 
time of making this report. 


SUMMARY OF OPERATIONS 


Jan. 1, 1933 Jan. 1, 1940 


1. Number of Municipalities included .....00... A5 60 
2. Number of Employees included 200... ccc 2,094 2,540 
3. Amount of Life Insurance Benefit in force .............. $4,370,550.00 $5,424,115.00 
4, Amount of Monthly Service Annuity Pension 
DEIN ULC Na Sed ce ee Ae il ee arc 94,412.00 110,230.00 
5. Amount of Monthly Income Annuity Pension 
Dele DURCU ASDC eee eee DFA ee Be 54,558.00 67,751.00 
6. Number of Employees at present drawing Pension 11 109 
7. Amount of Monthly Pension being paid ................... 177.00 3,097.00 
8. Number of Employees who have reached Normal 
Retirement Age but have been retained in 
CIN PLO VINE U ect ee ph Naiaies hae oleh a ei A 18 32 
9. Amount of Monthly Pension being paid into 
Joint Deposit Account, with reference to 
those employees who have reached Normal 
Retirement Dates and who have been re- 
GAIIOCIIIE CIN DLOVITICIN Gp ten Bt ca> os cssahordes eared os 209.00 $53.00 
10. Amount of Municipal Authority’s 5% monthly 
Ra VIG tee eee ee eee cs A 14,320.00 16,200.00 
11. Amount of Employees’ monthly Income Annuity 
PAID CN Gir eno re eee 2p in ie aes a 7,429.00 8,958.00 
12. Amount of Employees monthly Extra Contribu- 
CERIN Gta AURIS RTA 8's (0° ST Ge ee A eR a RO 215.00 686.00 
RSH NS Hee Noyes rein on UM D Fete W el Wea Gt: ys) a ns 39 152 
DAA YMOUIING OL. ICAU Mea INS eer cctsvatenehscosstomndoceanries rrsnee recs 75,570.00 307,050.00 
15. Amount of Employees’ Income Annuity Con- 
Br ULONSETOLUNOCU ee oes At is tae ee Rae 12,225.00 95,871.00 
16. Amount of Employees’ Extra Contributions re- 
PRUE Gh POPE AR oh Sa AM bs 5 ANSI SS Re Ws Soya OUR 540.00 5,436.00 


Jos. Gibbons, Chairman. 


T. J. Hannigan, Secretary. 
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Hydro Homemakers’ Forum 


AGER anticipation and keen en- 
E thusiasm were the keynotes of 

the audiences that filled to capa- 
city the auditorium of the Public 
Utilities’ building in Kitchener during 
the three-day session of the Hydro 
Homemakers’ Forum. 

The demonstrations were conducted 
by Ruth Crawford and Edithemma 
Muir. In the picture above, Miss 
Crawford is shown at the left, Miss 
Muir at the right, a completely equip- 
ped model kitchen forming an attrac- 
tive background. . 

The latest methods in cooking were 
shown—in many cases almost the op- 
posite of those Grandmother used— 
made possible by the high degree of 
perfection of the modern electric 
range. The ladies learned how foods 
cooked electrically retain their attrac- 
tive appearance and appetizing flavor 
and lose none of their health-giving 
natural constituents. 

Besides cooking, other interesting 


phases of Electrical Homemaking were 
discussed such as modern labor-savy- 
ing home laundering, the proper use 
and maintenance of smaller appliances, 
and also the safe-guarding of precious 
eye-sight by means of adequate home- 
lighting. 

The Hydro Homemakers’ Club was 
explained as a means of helping mem- 
bers to obtain greater benefits from 
the proper use of their appliances and 
many new members were enrolled. 
Kach member will receive regularly, 
copies of the Club Bulletin. 

To date many municipalities have 
taken advantage of the opportunity of- 
fered to conduct similar Forums for 
the benefit of their consumers, a 
schedule having been drawn up for 
visits to twenty-nine centres during 
the next three months. 

On completion of this schedule, ar- 
rangements can be made for other 
municipalities to co-operate in con- 
ducting Forums in their own centres. 
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Extension to Hydro Office 
Building 


APID expansion has com- 
pelled The Hydro-Electric 
Power Commission of On- 
tario to extend its head 
office building in Toronto. The ex- 
tension has been needed for some 
years but the expenditure was de- 
ferred as long as the Commission’s 
activities could be carried on in pres- 
ent quarters. Increases in power 
demands throughout 1939 have neces- 
sitated a very great increase in staff 
activity. The building extension is 
needed quite independently of the 
war. However the magnitude of war 
work increases not only the space 
requirements but also the importance 
of supplying it. 

Although every consideration has 
been given to the possibility of de- 
ferring construction until after the 
war, that course is neither in the 
Commission’s nor in the national in- 
terest. 

The new building, six stories of 
which were constructed in 1935, will 
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be completed to sixteen stories as 
originally planned, but the construc- 
tion will be simplified and reduced 
in cost by the ommission of all non 
essential features. 


For some time the Commission’s 
work has been very seriously ham- 
pered by the inadequacy of its head 
office facilities. The staff is scat- 
tered throughout a number of build- 
ings in the neighbourhood. The effec- 
tive output of the staff is being cur- 
tailed in a manner and to an ex- 
tent which cannot be overcome by 
simply adding additional staff in re- 
mote quarters, even though trained 
men were available in sufficient num- 
bers, which is not the case. Bringing 
the staff together in a single building 
will insure greater promptness and 
effectiveness in delivering power to 
Ontario factories and hence give im- 
portant aid to Canada’s war effort. 

Since 1935 the Commission has in- 
stalled about $35,000,000 in plant, had 
an increase in total load of 500,000 
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horsepower, and built nearly 8,000 
miles of rural lines, necessitating a 
permanent 40 per cent increase in 
head office staff. 


When complete, at a cost of $1,- 
100,000, the building will be imme- 
diately occupied to 80 per cent capa- 
city, and should the St. Lawrence, 
or some other major power develop- 
ment be approved, the entire space 
will soon be fully utilized. 


Before a decision was _ reached, 
careful inquiries were made to ascer- 
tain whether sufficient labour and 
building materials will be available 
without interfering with war efforts 


Extension to Hydro Administration Building completed in 1935. 
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and the Commission is assured that 
it can proceed immediately without 
handicapping other essential opera- 
tions. Over 95 per cent of the ma- 
terials and 100 per cent of the build- 


SO 


PS 


ing labour will be Canadian. Thus 
the effect upon exchange will be in- 
Significant and as the building is of 
reinforced concrete very little steel 
will be required. 


BO 


On Kite Flying 


OW many of us grown ups 

remember when it was a 

delight to pause at the 

sight of a kite in its flight, 
and better still to be thrilled with the 
tug on the kite string. In those days 
it was a sport that could be indulged 
in with complete safety. Not so to- 
day. 

Kite flying still ranks as a major 
sport with boys. 

The ever extending maze of electric 
power wires has injected a hazard 
into the sport which can be overcome 
by observing the following simple 
rules: 

1. Do your kite flying in the wide 
open spaces away from electric 
wires and automotive traffic. 

2. Build your kite without using 
metal parts. 

3. Use a dry string for flying. Wire, 
damp string and string reinforc- 


Be 


coy 


ed with metal, such as tinsel, are 
conductors of electricity and 
their contact with electric wires 
is dangerous. 


4. Call your hydro service, should 
your kite become tangled in elec- 
tric wires or become caught on 
poles. They will gladly remove 
it for you. 


Parents, teachers and others who 
have a natural concern for the safety 
of children can assist in the campaign 
for safe kite flying by teaching these 
safe practices. 


* * * * 


In order that the dangers to be 
avoided when flying kites may be given 
as much publicity as possible, it is 
suggested that all local newspapers 
publish articles similar to the above, 
including therein the four mentioned 
rules for safe kite flying.—Editor. 


Se 
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Lighting For Learning 


By George G. Cousins, Supervising Lighting Engineer, 
The Hydro-Electric Power Commission of Ontario 


HE value of education needs 

no emphasis. Legislation has 

been passed that makes at- 

tendance at school compulsory 
during the years in which any child 
should obtain at least the rudiments 
of an education. More and more 
study is being given to methods of 
instruction, the educational demands 
of employers upon applicants for em- 
ployment are making it increasingly 
difficult for those having only lower 
school education to obtain work in 
any but the lower grades, and the 
qualifications for entrance to Univer- 
sities are being raised. These facts 
clearly indicate that greater stress is 
being placed upon educational accom- 
plishment; the latter two indicate the 
stern necessity of higher standards 
than those of a few years ago. These 
increasing demands point to the 
necessity for improved facilities for 
advancement and the detection and 
elimination of all the factors that re- 
tard the progress of pupils. 

The newer methods of instruction 
undoubtedly have merit, but in one 
fundamental requirement advance- 
ment has not kept pace with the de- 
mand; and until the importance of 
this phase of the problem, namely, 
seeing conditions, is fully appreciated 
and steps taken to rectify their faults, 
there will continue to be the annual 
crop of disappointments, frustrated 


Paper presented to the Inspectors Section of 
the Ontario Educational Association at Toronto, 
March 29, 1940, 


effort, loss of time (through repeating 
grades), wasted expenditure of money 
for reinstructing repeaters, and the 
ills associated with overworked and 
strained eyes. 


It has been estimated and generally 
accepted that over 85 per cent of 
knowledge is gained through the sense 
of sight. It seems logical therefore, 
that the factors that influence seeing 
conditions should receive first con- 
sideration, and that immediate steps 
would be taken to rectify obvious de- 
fects in these conditions. On the con- 
trary, we see many new schools in the 
design of which are incorporated the 
latest ideas in heating and ventilation. 
sanitation, floor construction, swim- 
ming pools, and other features, all of 
which contribute to the welfare of the 
pupils; but the seeing conditions, the 
most important of all, are far behind 
the scientifically established require- 
ments of the present day. Further- 
more, the consideration of lighting old 
schools seems to be too often based 
more upon how little money for which 
lighting of any sort can be installed, 
than a system that will fulfil the re- 
quirements of reasonable ease and 
certainty of seeing, and which would 
benefit all parties concerned—pupils, 
teachers, and trustees. The ability of 
the pupils to see clearly and without 
avoidable eye strain is of utmost im- 
portance and should be the first con- 
sideration. Artificial lighting is of 
value only to the extent that it makes 
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Fig. 1—Cross-section of class room showing range of intensities of 
daylight from the window side to the opposite side of the room. 


seeing easier and is definitely benefi- 
cial to the pupils. It is the purpose of 
this address to present some facts to 
arouse interest in the other aspect 
of lighting, that of consideration of 
the needs of the pupils, and to point 
out that lighting can be a decided 
asset that will yield tangible benefits. 
DAYLIGHT CONDITIONS | 
Daylight is plentiful and free at 
nature’s dispensary, but man’s at- 
temps to bring it indoors are fraught 
with practically insurmountable dif- 
ficulties except at excessive cost. Con- 
sequently, in schools of reasonably 
modern construction, about half of 
the desks are provided with reason- 
able intensities of daylight, but the 
other half are not so fortunate. In 
old schools with small windows the 
conditions are far worse. Fig. 1 is 
a graph prepared from a great many 
measurements, made over a period of 
years, of daylight intensities on desks 
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on both clear days, (represented by 
lightly shaded areas) and cloudy 
days, (represented by solid black 
areas). On each desk the height of 
any part of the graph represents the 
value in foot-candles of a correspond- 
ing height on the scale of foot-candles 
at the left. The variations in foot- 
candles shown on any desk represent 
the total range of values measured 
on corresponding desks in many 
classrooms in many schools. The 
graph is a summary of measurements 
made in schools in various parts of 
the province. A dotted line parallel to 
the desk tops at 15 foot-candles on 
the scale shows the value required 
by the Department of Education for 
artificial lighting. All the portions of 
the graph below this line represent 
daylight intensities below 15 foot- 
candles. Attention should be paid to 
the proportion of the daylight values 
below the minimum required for ar- 
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Fig. 2—Arrangement of lighting circuits in classrooms. 


A—For standard shape. 
B-—For wide rooms. 


tificial lighting. This applies particu- 
larly to the three rows of desks far- 
thest from the windows, even on 
clear days. 

On cloudy days nearly half of the 
desks on the third row from the win- 
dows and some on the second row are 
below 15 foot-candles. Records of 


daylight conditions in Ontario show. 


that over 50 per cent of the days in 
the school season are cloudy. It is 
therefore obvious that the intensity 
of daylight is, on the whole, in- 
adequate on about one-third of the 
desks. Many schools are very much 
worse than the average values cited. 
The most serious condition exists in 
the half of the room farthest from 
the windows, and it is fortunate that 
this can be remedied by the logical 
arrangement of the two rows of 
lighting fixtures in the average class- 
room, see Fig. 2, A. B, Fig. 2, shows 


the most suitable arrangement of cir- 
cuits for rooms that are wide in com- 
parison to the front-to-rear dimen- 
sion. The foregoing facts indicate 
the necessity of adequate artificial 
lighting for daytime use. 

EFFECT OF DESK LOCATION ON THE 

VISUAL TASKS 

There are two separate and distinct 
visual tasks in ordinary classrooms, 
namely, seeing for writing as in ordi- 
nary desk work, and seeing what is 
written on the blackboard. Any in- 
equality in the facilities for progress 
as related to desk work can be easily 
removed by a suitable lighting sys- 
tem; but the blackboard presents an 
entirely different set of conditions 
because the letters and figures writ- 
ten on it must be seen from different 
distances, from different angles, and 
under different conditions. From 
some seats the blackboard appears 
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relatively dark, forming a good con- 
trast with the white chalk marks, 
and from others the blackboard is as 
bright (due to reflected glare) as the 
chalk marks, and the latter cannot 
be seen at all. It is obvious, there- 
fore, that some pupils are highly 
favored and others severely handi- 
capped, yet all are entitled to equal 
opportunities for advancement. 

A great deal of classroom instruc- 
tion depends upon the use of the 
front blackboard, and the greatest 
inequalities with regard to the pupils’ 
facilities for correct interpretation 
of instructions are related to the 
blackboards. The blackboard, the 
most important detail of classroom 
instructional equipment, seems to 
have received the least attention. 
With the exception of badly defective 
eyes, practically all difficulties of 
seeing are directly related to light- 
ing, either daylight or artificial, and 
the adoption of improved lighting will 
in all instances reduce the difficul- 
ties. This is a fundamental fact 
that should not be overlooked as the 
application of it will appear in what 
follows. | 

Our measurements of daylight illu- 
mination show that on clear days its 
average on desks farthest from the 
windows is about one-thirteenth the 
intensity on desks nearest to the 
windows, and on cloudy days the 
ratio is about one-sixteenth. A 
white page with black letters under 
high intensity lighting presents the 
maximum contrast, and consequently 
the greatest ease of reading. If 
the same page is observed under 
low intensity lighting the _ black 
ink is no blacker but the brightness 
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of the page is reduced and there is 
therefore a lower contrast resulting 
in greater difficulty in reading. This 
is illustrated on the visibility indi- 
cator, Fig. 3. If the printing at the 
top of the indicator, at 1, represents 
the contrast on the page on desks 
near the windows then the contrast 
on the page on desks farthest from 

the windows will appear as that be- 5 
tween figures 10 and 20 on the indi- 
eator. This is based upon the meas- 
ured intensities of daylight. In other 
words, the difference in the ease of 
reading between the light and the 
dark sides of a classroom is repre- 
sented by the difference revealed by 
the printing at 1 and that between 10 
and 20 on this indicator. Naturally, 
reading or eye-work in the dark side 
of a room produces more eye strain 
and fatigue than in the light side. 
These ratios apply to the average of 
the measurements that were made, 
not necessarily to each individual 
room, but they represent a general 


condition. 


It is obvious that 'due to simple 
optical laws any object will appear 
smaller as the viewing distance is 
increased. : 

The Department of Education stip- 
ulates that the distance between the 
front wall of a room and the front 
row of desks shall not be less than 
8 feet; but in many rooms, more 
particularly in rural schools, the 
front desks are as much as 12 feet 
from the front: blackboard. This 
means that the pupils in the rear row 
are 4 feet farther from the black- 
board than necessary, and their diffi- 
culty of seeing the work thereon is 
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Visibility and Ease of Seeing 
are closely related 


Visibility increases as the intensity of illumination increases. So 

does ease of seeing. Read the printed matter below under different 

intensities of illumination and note the point at which reading be- 
comes difficult or impossible. 
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Fig. 3—Visibility Indicator ( by Luckiesh and Moss). Showing 
relative lighting intensities required for equal ease of reading 
printing of varying contrast with the background. 


correspondingly greater. This may but 50 per cent or more of the school 
not be a serious matter on clear days, days are cloudy. Furthermore, child- 
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Fig. 4—Showing relative ease of reading writing on the blackboard from 
different positions in the classroom. 


ren with subnormal vision may oc- 
cupy the rear seats and the extra 
difficulty then becomes a serious mat- 
ter. By moving the seats and desks 
forward it eases the tasks of the 
pupils occupying the rear seats. The 
argument is sometimes put forth that 
the space at the front is needed for 
a platform for concerts, but there 
are only a few of these in a year 
while the pupils are affected for 10 
months of the year. The forward desks 
may be fastened in groups on boards 
so that they can be moved out of the 
way when necessary. At any rate, 
the children’s welfare is of first im- 
portance and should receive first 
consideration. 

Fig. 4 shows a typical classroom. 
From each corner desk an arrow 
points to a point “‘O” on the blackboard 
in front of the favored desk A, where 
the seeing conditions are the best 
of any desk in the room (except where 
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there are windows at the right). The 
figures at the corner desks represent 
values of relative visibility of writ- 
ing on the blackboard as viewed from 
the respective desks. The visibility 


at A is given as 100 and as percent- 


ages of A at the other corners. From 
desk B the visibility at ‘‘O” is often 
zero because of reflected glare. The 
lower values of relative visibility 
represent more difficult seeing con- 
ditions. For instance, from desk C 
the writing on the blackboard at ‘O” 
is twice as difficult to read as it is 
from desk A. This means that the eyes 
at C have to work about twice as 
hard as those at A which naturally 
results in more fatigue of the eyes, 
nervous system and body generally. 
It is not possible to completely elimi- 
nate these inequalities but the com- 
bination of good lighting, no glare 
and blackboard in good condition, 
will render seeing so easy that no 
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Fig. 5—Shaded area represents the zone within which reflected glare from 

the blackboard is seen. The upper section is a side illustration that Shows 

how «@ sloping blackboard accentuates glare by causing the rays of reflected 

light to be reflected back into the room at higher angles than the vertical 

blackboard, which results in more of the occupants being bothered by glare 
than occurs with the vertical blackboard. 


serious strain or fatigue will result. farther from the blackboard than 
This condition clearly indicates the necessary. Unnecessary distance re- 
necessity of avoiding placing desks sults in a definite handicap. These 
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A B C 
Fig. 6—Blackboard glare. 


A—Glare caused by window at the left. 

B—Window at the left (shown in the picture) screened by a window shade. 
The glare caused by the light from the window is eliminated but glare from 
the next window to it (not shown) is still visible. 

C—Same section of the blackboard free from glare as viewed from desk “A” 


of Fig. 4. 


Fig. 7—Prismatic blackboard lighting unit. Each unit requires two 150- 
watt lamps. 
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TYPE RECOMMENDED 


ELLIPTICAL ANGLE 
REFLECTOR 


Fig. 8—Elliptical angle reflectors. 


values of relative visibility are 
averages of measurements taken in 
several rooms. 

One of the most troublesome ob- 
stacles to efficient use of the black- 
board and the progress of the pupils 
is the glare near the left end. This 
is caused by reflections of the sky 
usually, and its effect is to completely 
obscure the writing from seats on 
the opposite side of the room. This 
is illustrated by Fig. 5 which shows 
a typical glare zone for a room with 
windows on the left side of the room 
only. If there are windows on the 
right and the rear, practically the 
The 
only practical method of eliminating 
the glare is to prevent the light that 
causes it from entering. This means 
the use of some kind of window shade. 
The offending light enters through 


whole room is a glare zone. 


one or more windows near the ends 
of the blackboard and is reflected by 
it to the opposite side of the room. 
When the windows are shaded the il- 
lumination of the blackboard is seri- 
ously reduced, see Fig. 6, and artificial 
lighting is necessary to restore visibil- 
ity. Fig. 7 shows blackboard lighting 
produced by prismatic lens plate 
units designed specially for this pur- 
pose. Fig. 8 shows the use of less 
expensive equipment. The latter 
does not possess the refinement of 
the former, but where funds are 
strictly limited its use is fully 
justified and the results reasonably 
satisfactory. 

Many teachers have contrived 
means of overcoming this serious 
handicap, but they all involve ineffi- 
ciency in one way or another. Black- 
board glare can definitely be eliminat- 
ed by the combination of intelligently 
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used window shades and a properly 
~ planned system of artificial lighting. 
HANDICAPPED CHILDREN 

The foregoing facts clearly show 
that the handicaps that retard child- 
ren are not by any means all inherent 
in the children themselves. The 
pupils occupying desks nearest the 
’ windows are highly favored while 
those in the dark side of the room are 
doubly handicapped, first by the low 
“intensity of daylight and second by 
blackboard glare. The only avail- 
able method of minimizing these in- 
equalities is based upon the use of 
adequate artificial lighting. 

SPECIAL CLASSES 

Sewing in domestic science and 
typewriting in business classes re- 
quire good lighting for reasons of 
their own. Sewing is done with fine 
threads usually of the same color as 
the cloth which, with the speed of 
the machine, combine to produce an 
exceedingly difficult visual task. Even 
hand sewing imposes a severe strain 
on the eyes. 

Stenography and typewriting are 
monotonous and nerve-wracking work 
because of the demand for speed, 
continuous application and accuracy. 
While it is true that the touch sys- 
tem does not require the use of eyes 
to guide the fingers, the eyes must 
follow the copy. If the lighting is 
poor the eyes use up an excessive 
amount of nerve energy which would 
be available for speed and accuracy 
under good lighting. 

Trade training classes require the 
same types of lighting as the respec- 
tive trades require in actual produc- 
tion. The lighting requirements of 
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the various trades differ and each 


must receive attention and planning 


for its specific visual tasks. It is not 
sufficient to light the area in which 
work is done; the visual task itself 
must be lighted. 

For draughting indirect lighting is 
necessary; there is no second choice 
and the intensity should be at least 
25 foot-candles. 

These special classes are for the 
purpose of teaching specific subjects 
that have for their aim the direct 
preparation of the students for gain- 
ful occupations. They should be 
taught correctly and as completely as 
possible within the limits of a school 
course; and as the sense of sight has 
such an important bearing on their 
success, it is important to provide 
lighting that will enable them to gain 
as much knowledge of their prospec- 
tive work as possible. Accuracy (the 
first requirement) and speed (the sec- 
ond) are impossible without good 


. lighting. 


SIGHT-SAVING CLASSES 

Research in lighting has uncovered 
many interesting facts, among which 
is the fact that improved lighting 
creates greater benefits to subnormal 
eyes than to normal eyes. The 
students in sight-saving classes are 
on the border line between total disa- 
bility (as far as sight is concerned) 
and partial disability. The seeing 
conditions, if poor, may put them in 
the former, but, if good, may keep 
them in the latter and give them a 
chance to fit themselves for inde- 
pendent activity throughout the 
major portion of their lives. There- 
fore, the best possible lighting should 
be provided, and full use should be 
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made of every possible means to 
assist the lighting, such as absence 
of glare, proper books with suitable 
paper, and blackboards when used, 
maintained in the best possible con- 
dition. 

Persons with eyes that approach 
normal are constantly absorbing 
knowledge through visual impres- 
sions, and even they, at times, are 
handicapped by lack of good seeing 
conditions. How much worse, then, 


SB 


cS 


are those with subnormal vision who 
cannot see a great many of the things 
that impart knowledge to the others. 
Psychologists state that the average 
I.Q. of pupils of sight-saving classes 
is lower than that of normal pupils. 
Surely this is a situation where pre- 
vention of further disability by the 
best possible seeing conditions is 
worth any cost, but where cure is 
beyond all cost. 
(To be continued) 
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An Outline of Unit Substations 
For Distribution Systems 


By C. H. Hutton, B.A.Sc., M.E.I.C., Chief Engineer, Hamilton 
Hydro-Electric System 


(Continued from February) 

A survey of contemporary practice 
in the application of factory built or 
unit substations was published in the 
General Electric Review for May and 
June, 1939. The survey covered some 
80 installations and showed that about 
the only feature common to these in- 
stallations was the use of 3 phase 
and automatic tap 
No two units 


transformers 
changing equipment. 
were exactly similar, sizes varied from 
500 kv-a. to 6000 kv-a. and potentials 
from 11 kv. to 69 kv. The installa- 
tions varied in form and use through- 
out the range already mentioned to- 
day. Had the survey included the 
Province of Ontario, it would have in- 
deed shown no features in common 
since the Ottawa Electric Co. uses in- 
duction type regulators and the Ham- 


ilton Hydro single phase transform- 
ers. | 

Let us run briefly over the results 
of the survey and look at some typical 
installations and their corresponding 
single line diagrams. 

The accompanying series of figures 
numbered 1 to 8 in Cut No. 13 show 
in single line form the most common 
arrangements used in radial distribu- 
tion systems. The portions shown in- 
side the dotted enclosures have been 
installed as factory built assemblies. 

Figs. 1, 2 and 3 show relatively 
simple single feeder radial substations. 
Such units are usually small in size, 
say 150 to 1000 kv-a. They constitute 
applications for rural service or small 
urban loads. Units of this type are 
usually equipped with only one feeder 
position although more can be used 
if found desirable. 
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Cut No. 13—Common arrangements 


The units in Figs. 1 and 2 have low 
side circuit breakers with time over- 
current protection for feeder faults. 
Automatic multiple reclosing follow- 
ing over-current trip-outs is usually 
provided. In Fig. 2 the primary fuses 
and a three position grounding and 
disconnecting switch is indicated. 
When a part of the assembly, the two 
are mounted in a metal enclosed box 
on the side of the transformer. Us- 
ually these features are a part of the 
substation when the incoming circuit 
is an underground cable, whereas with 
cover bushings these devices are 
mounted on the nearest pole although 
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Fig.8 


used in radial distribution systems. 


they may be mounted on the pole in 
either case. The fuse may be desir- 
able if the sub-transmission line feeds 
a large number of small units or if 
the station breakers of the sub-trans- 
mission line cannot be set low enough 
to trip out on transformer faults, but 
it is only occasionally that primary 
fuses have been considered necessary 
on units of this type. 


In Fig. 3 the functions of the low 
side circuit breaker and the high side 
fuse are combined in the single high 
side circuit breaker. Where both prim- 
ary fuse and low side circuit breaker 
are necessary, this alternative may 
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prove to be desirable. However, this 
arrangement is rather rare and it 
must be borne in mind that the high 
side circuit breaker necessarily entails 
a higher interrupting capacity and 
higher insulation level and thus is 
more costly than the low side circuit 
breaker. 

Fig. 4 shows a fairly common ar- 
rangement used to tap a primary tie 
line. This is a typical arrangement 
for an industrial substation served by 
a 13 kv. loop circuit. These high side 
circuit breakers are equipped with di- 
rectional relays and usually operate 
both normally closed. A substation 
such as this may or may not be equip- 
ped with low side feeder positions 
since the high side breakers may be 
equipped with over-current relays for 
protection of low side faults in a 
manner similar to that used with the 
substation Fig. 3. However, a substa- 
tion of this type is usually of reason- 
able size and would naturally be equip- 
ped with one or more low side feeder 
positions. oh 

A similar arrangement is shown in 
Fig. 6 except that instead of high side 
circuit breakers, disconnecting switch- 
es are indicated. This substation, of 
course, requires low side feeder circuit 
breakers for feeder fault protection. 

Fig. 5 shows a unit equipped with 
two transformers and fed by two pri- 
mary lines. This arrangement is some- 
times called a spot-network, although 
strictly speaking it is a radial sub- 
station. Unlike any of the other ar- 
rangements shown in Figs. 1 to 6, in 
this case a transformer failure does 
not result in the loss of load. In the 
preceding types a transformer fail- 
ure results in at least a temporary 


outage until the necessary cut-overs 
can be made. Each transformer in 
Fig. 5 is equipped with a transformer 
circuit breaker on the low side and 
any number of feeder positions may 
be provided. The transformer circuit 
breakers have directional relays for 
transformer faults and high side line 
faults. In addition, the transformer 
breakers are usually equipped with 
long time over-current relays for bus 
fault protection although differential 
protection has been used in some in- 
stallations. These relays are arrang- 
ed to lock out the transformer break- 
er and to trip and lock out the feeder 
breakers in the event of fault on the 
bus. The transformer breakers are 
usually relayed to reclose automatic- 
ally when the magnitude and phase 
rotation of the voltage on the trans- 
former side of the breaker are of 
proper value, unless locked out be- 
cause of bus fault. The feeder break- 
ers are equipped with over-current 
protection and usually automatic ad- 
justable-time reclosing. 

The basic idea illustrated in Fig. 5 
can be expanded indefinitely as the 
load grows. For each new increment 
of load a new transformer and switch 
assembly would be added. Usually, 
however, if this scheme is carried to 
more than two transformers, the ar- 
rangement as shown in Fig. 7 would 
be used, incorporating bus tie circuit 
breakers, each bus section serving one 
or more feeders. This arrangement 
is preferable since it keeps the pos- 
sible outage at a minimum in the 
event of a bus fault. The arrange- 
ment shown in Fig. 7, of course, can 
be expanded in small increments to 
take care of load growth as it appears. 
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Cut No. 14—Arrangements for primary network distribution. 


- Another arrangement which has re- 
cently gone into service, and which is 
similar to schemes shown in Figs. 5 
and 7 in that it permits an incre- 
mental addition of substation capac- 
ity, is shown in Fig. 8. This scheme 
utilizes the latest idea in factory built 
or power protected transformer al- 
ready referred to. 


As may be noted in Fig. 8, one power 
protected transformer is made to serve 
as a spare unit by means of a transfer 
bus. All disconnecting switches are 
externally mounted and the power pro- 
tected transformer is serviced as a 
complete assembly. The whole unit is 
taken out of service to repair or in- 
spect any major part of it. The use 
of a protected transformer of this 
type in the correct form of distribu- 
tion system appears to have some 
merit. The economics of this applica- 
tion have already been referred to. 

Substations for primary network 
distribution are shown in Figs. 9, 10 
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and 11, Cut No. 14. The elements of 
the so-called primary network unit are 
shown in Fig. 9. The unit consists 
of a 3 phase transformer of about 
1500 ky-a. capacity, a transformer cir- 
cuit breaker and four feeder circuit 
breakers. The transformer circuit 
breaker is equipped with a directional 
relay for transformer faults or high 
side line faults and with a long time 
overload relay for bus faults. It us- 
ually is equipped with an automatic 
reclosing relay which reloses when the 
primary voltage is at a proper mag- 
nitude and phase rotation. The feed- 
er circuit breakers trip on overload 
and are equipped for adjustable time 
multiple reclosing. The four feeder 
unit is considered standard for net- 
works since four outgoing ties are 
necessary to form a symmetrical type 
of checker-board network. Very few 
primary networks take this symmetri- 


cal form, however, and many network 


units have only two or three feeder 
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Cut No. 15—Single feeder unit sub- 
station, 750 kv-a. 


positions. Fig. 10 shows the simplest 
form of primary network with two 
units tied together through two ties 
and each unit serving a radial feeder 
separately. 

Primary networks are frequently 
started by the installation of a single 
factory built unit substation to be 
tied in with an existing radial sub- 
station of conventional design. Fre- 
quently this procedure is found to be 
the most economical means of reliev- 
ing overloaded feeders in the large 
radial substation. A small unit sub- 
station is installed near the centre of 
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Cut No. 17—A 1,000 kv-a. single unit 
substation, disconnecting and ground- 
ing switches on side of transformer. 


load sectionalizing several feeders and 
feeding their extremities radially. 
This arrangement is shown diagram- 
atically in Fig. 11, Cut No. 14, indi- 
cating the method whereby a primary 
network may be started and addition- 
al units may be added later to 
strengthen the network as the load in- 
creases. 

The photographic cuts shown illus- 
trate actual installations and give you 
a very good idea of how these unit 
substations look after erection or 
should I say afiter the delivery of 
the package. 

Cut No. 15 illustrates a 750 kv-a. 
single feeder substation of the type 


Cut No. 16—A unit substation rated 3,000 kv-a. 
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Cut No. 18—A 3,000 kv-a. unit sub- 
station designed for network 
operation. 


shown in Fig. 1, Cut No. 13. This 
unit is for rural radial distribution. 

Cut No. 16 illustrates a unit sub- 
station similar to the type shown in 
Fig. 4, Cut No. 13. This installa- 
tion is rated at 3000 kv-a. and is 
used for radia] distribution. 

Cut No. 17 illustrates a 1000 kv-a. 
single feeder unit substation of the 
type shown in Fig. 6, Cut No. 13. The 


Cut No. 19—A unit for network oper- 
ation tied in with a large conventional 
substation. 


unit is characterized by two 13 kv. oil- 
immersed disconnecting and ground- 
ing switches mounted on the side of 
the transformer. 

Cut No. 18 illustrates a 3000 kv-a. 
substation designed for network oper- 
ation. It is equipped with four feeder 
circuit breakers and one transformer 


Cut No. 20—A double transformer 
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Cut No. 21—Outside unit substation at Ottawa, control switchboard is 
installed in adjacent old substation building. 


circuit breaker, as indicated diagram- 
atically in Fig. 9, Cut No. 14. 

Cut No. 19 is a unit designed for 
network operation and is tied in with 
a large conventional substation with 
an arrangement similar to that shown 
in Fig. 11, Cut No. 14. 


Cut No. 20 illustrates a double 
transformer installation similar to the 
arrangement shown in Fig. 5, Cut No. 
13. This particular unit is of the sub- 
way type for installation in an under- 
ground vault. 


Cut No. 21 illustrates the outdoor 
unit substation of the Ottawa Electric 
Co. on Nelson St., where the trans- 
former, regulator and_ switching 
equipment is mounted outdoors as a 
unit and advantage is taken of an old 
substation building to install the con- 
trol switchboard, ete. A similar sub- 
station is also installed by the same 
company at Holmwood Ave. 


Cut No. 22 illustrates the interior 
of a 2400 v. outdoor breaker compart- 
ment in a typical unit substation. 


Cut No. 23 is a shop photo of a typ- 
ical three phase transformer unit, 13 
kv./2400 v., 1250 kv-a. The load ratio 


Cut No. 22—Interior of a 2,400 v. out- 
door breaker compartment. 
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Cut No. 23—A typical three phase 
transformer unit 13,000/2,400 v., 
1,250 kv-a. 


side compartments are open. Note the 
13 kv. cable terminal connection pot- 
head on the right and the throat for 
the low potential connections on the 
left. | 

The foregoing examples illustrate 
Canadian and American unit substa- 
tions for distribution use. The Brit- 
ish examples of somewhat similar unit 
substations are shown in Cuts Nos. 
24, 25, 26 and 27. .Our British rel- 
atives refer to these units as Kiosk 
substations. 

Cut No. 24 (illustration omitted) 
shows a general view of Ludborough 
Kiosk substation housing three 400 
ampere, 22 kv. panels, two 11 kv. pan- 
els, etc., and one 1000 kv-a. trans- 
former. 

Cut No. 26 is an end view of the 
Kiosk with the doors of the low volt- 
age compartment open. 

Cut No. 27 (illustration omitted) is 
interesting in illustrating a small 
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Cut No. 26—End view of an English 
Kiosk with door of low voltage 
compartment open. 


Kiosk substation of the Kent Electric 
Power Co. mounted on one side of a 
thoroughfare in England. Note the 
absence of overhead wires either for 
telephone or power service, but the 
presence of a public pay telephone 
booth—or perhaps it too is a Kiosk. 

The use of metal-clad unit assem- 
blies is, of course, not confined to dis- 
tribution substations either on this 
continent or in Europe. A great 
amount of metal-clad equipment has 
been furnished for terminal stations 
at transmission line potential. 


Cut No. 28 (illustration omitted) is 
a general view of a British terminal 
station of 1382 kv. Note the cable 
entrances to the metal-clad and to the 
transmission line tower. The Provin- 
cial Commission has several examples 
of metal-clad unit assemblies at its 
terminal and generating stations with 
which most of you are familiar. 

The metal-clad idea originated, I 
think, in the Old Country—certainly 
the gum-filled idea. Canadian manu- 
facturers were not long in recognizing 
its advantages and applying the idea 
to our conditions in this country. 

I must acknowledge here and thank 
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the manufacturing companies, partic- 
ularly the Canadian General Electric, 
the Canadian Westinghouse Co. and 
the Northern Electric Co. for a great 
portion of the descriptive data con- 
tained in this talk on unit substations 
for distribution work. The manufac- 
turers, it would appear, have done a 
characteristically good job in the de- 
sign, fabrication and assembly of 
these unit substations. I hope that 
none of us will order these units as 


AS ae 
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we would groceries or “ring’’ distri- 
bution transformers without regard 
to the use to which they are to be 
put and the characteristics of our local 
municipal systems. 

Municipal engineers must do the ap- 
plication engineering in selecting unit 
substations as in all other divisions of 
their work or we will have poor ar- 
rangements of quite suitable equip- 
ment or good arrangements of quite 
unsuitable equipment. 


Se 


The Winter Convention 


N the February issue of this 

publication and also in this num- 

ber are some of the papers, ad- 

dresses and reports given at the 
winter convention of the Ontario 
Municipal Electric Association and 
the Association of Municipal Elec- 
trical Utilities which was held at 
Toronto on February 6th and 7th, 
1940. Two addresses of especial 
Significance given at joint ses- 
Sions of the two associations were 
that by Dr. T. H. Hogg, Chairman 
of the Hydro-Electric Power Com- 
mision of Ontario on “Hydro and 
the War” and one by E. V. Buchanan, 
General Manager of the Public Utili- 
ties Commission, London, Ontario, on 
“Public Relations”. Both these ad- 
dresses appeared in the February 
issue. The paper presented by C. H. 
Hutton, Chief Engineer of the Ham- 
ilton Hydro-Electric System, “An 
Outline of Unit Substations for Dis- 
tribution Systems”, is published in 
this and the preceding issue. John 


Dibblee, Assistant Chief Engineer of 
The Hydro-Electric Power Commis- 
sion, gave an illustrated address en- 
titled “‘Destructive Forces, Damage 
and Repairs’. Mr. Dibblee showed 
the damage done to plant at various 
times by the action of ice, water and 
wind and also resulting from acci- 
dents at various times on parts of 
the Commission’s systems. It was a 
convincing demonstration of serious 
failures that are liable to occur which 
the engineers must be prepared to 
meet at all times and to devise meth- 
ods of preventing their recurrence. 

The 1940 summer convention of the 
two associations will be held at Big- 
win Inn, Muskoka, on July 9th and 
10th. 


During the O.M.E.A. sessions of 
the convention the following resolu- 


tions of general interest were 
adopted. 
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Re Additions to Hydro Building 
That this association go on record 
as recognizing the very serious short- 
age of office space for the efficient 
administration of the Provincial 
Commission, and being in favour of 
the proposal for the construction of 
additional storeys upon the present 
new building at such time as the Pro- 
vincial Commission may deem advis- 
able. 
Re Constitution and By-Laws 
That our Constitution be amended 
by adding under section dealing with 
the subject of Committees, the fol- 
lowing clause :— 
(3) Legislative Committee (con- 
sisting of three members). 
It shall be the. duty of the 
Legislative Committee to keep 
in close touch with all pro- 
posed and pending federal and 
provincial legislation affect- 
ing in any way the affairs of 
this Association. 
The Committee shall consider 
such legislation and report the 
effects of same to the Execu- 
tive for such action as the 
Executive may deem neces- 
sary. 
Re Undertakings Required by the 
Power Controller for War Pur- 


poses. 
That this Association request the 


Power Controller appointed by the 
Federal Government to give the Pro- 
vincial Hydro Commission the same 
treatment under similar conditions 
as private companies, in connection 
with undertakings required by the 
Power Controller for War Purposes. 

Officers elected for 1940 are as 
follows :— 
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Honorary-President:—Dr. T. H. 
Hogg, Chairman, H.E.P.C. of Ontario. 

Honorary - Vice-Presidents:—F. C. 
Elliott, Ingersoll; T. A. McFarland, 
London; Jos. Gibbons, Toronto; F. 
Biette, Chatham; G. S. Matthews, 
Peterborough; C. J. Halliday, Chesley. 


President:—Dr. W. J. Chapman, 
St. Catharines. 
Vice-Presidents :— 


District No. 1—W. R. Strike, 
Bowmanville. 

District No, 2—John Kalte, Han- 
over. 

District No. 3—Sam Ashton, Port 
Arthur. 

District No. 4—K. A. Christie, 
K.C., Toronto. 

District No. 5—Keith McLeod, 
Stamford Centre. 

District No. 6—E. L. Box, Sea- 
forth. 

District No. 7—P. R. Locke, St. 
Thomas, 

District No. 8—Garnet Edwards, 
Windsor. 
Secretary-Treasurer:—T. J. Han- 

nigan, Guelph. 


A.M.E.U. 

Of the A.M.E.U. Committee re- 
ports, given elsewhere in this issue, 
all were adopted excepting that by 
the Rates Committee. There was a 
diversity of opinion regarding the 
recommendations given in that re- 
port and it was, therefore, referred 
back to the Committee for further 
consideration. During the discus- 
sion on the Merchandising Committee 
report a resolution 'was adopted ex- 
tending to The Hydro-Electric Power 
Commission of Ontario the apprecia- 
tion of the members for the wonder- 
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ful work done in the municipalities 
by the Lighting Service Section of 
the Sales Promotion Department. 

The following officers were elected 
for the year 1940 :— 

President:—A. B. Manson, 
ford. 

Vice-President:—C. E. Brown, Mea- 
ford. 

Secretary:—S. R. <A. Clement, 
H.E.P.C. of Ontario, Toronto. 

Treasurer:—George E. Conn, H.E. 
P’C. ‘of Ontario, .loronto: 

Directors (from the Membership at 
Large):—A. W. Bradt, Hamilton; 
S. W. Canniff, Ottawa; W. R. Catton, 
Brantford. 

District Directors :— 

Niagara District—O. M. Perry, 

Windsor. 

Georgian Bay District—R. S. 

King, Midland. 

Central District—G. F. Shreve, 

Oshawa. 

Eastern District—R. J. Smith, 

Perth. 

Northern District—R. H. Martin- 
dale, Sudbury. 

Standing Committees for the year 
were drafted at a meeting of the 
Executive Committee held during the 
convention as follows :— 


Papers Committee:—A. W. Bradt, 
Hamilton, Chairman; J. W. Peart, St. 
Thomas, C. E. Schwenger, Toronto; 
G. E. Chase, Bowmanville; C. W. Hook- 
way, Canadian Westinghouse Com- 
pany, Toronto; H. D. Rothwell and 
M. J. McHenry, H.E.P.C. of Ontario, 
Toronto. 


Strat- 


Convention Committee: —C. KE. 
Brown, Meaford, Chairman; J. E. B. 
Phelps, Sarnia; O. H. Scott, Belleville; 


F. Mahoney, Canadian General Elec- 
tric Co., Toronto; E. G. McCracken, 
Sangamo Company, Toronto; W. R. 
Greenshields, Canada Wire and Cable 
Co., Toronto; W. Dixon, Canadian 
Westinghouse Co., Toronto; W. N. 
Elliott, N. Slater Co., Hamilton; G. F. 
Drewry and B. Mulholland, H.E.P.C. 
of Ontario, Toronto. 


Regulations and Standards Commit- 
tee:—S. W. Canniff, Ottawa, Chair- 
man; P. B. Yates, St. Catharines; 
O. H. Scott, Belleville; M. W. Rogers, 
Carleton Place; F. D. Hubbell, Wind- 
sor; F. W. Peasnell, Toronto;” R. LU: 
Dobbin, Peterborough; J. Eckersly, 
Toronto; C. McGhie, Welland, and A. 
G. Hall, H.E.P.C. of Ontario, Toronto. 


Committee on Accident Prevention 
and Health Promotion:—R. J. Smith, 
Perth, Chairman; PP. ° Boy atesmoh 
Catharines; J. EK. B. Phelps, Sarnia; . 
C. E. Schwenger, Toronto; J. W. 
Peart, St. Thomas; R. Harrison, Scar- 
borough Twp.; V. A. McKillop, Lon- 
don; F. D. Hubbell, Windsor; R. L. 
Dobbin, Peterborough; A. B. Manson, 
Stratford; A. W. Murdock, B. Mul- 
holland, V. A. Beacock and Wills Mac- 
lachlan, H.E.P.C. of Ontario, Toronto. 


Merchandising Committee:—O. M. 
Perry, Windsor, ‘Chairman; ~O.- H: 
Scott, Belleville; R. W. Turner, Hamil- 
ton; R. 8. Reynolds, Chatham; H. R. 
Hatcher, Galt; A. W. J. Stewart, To- 
ronto; O. C. Thal, Kitchener; F. Wil- 
kinson, London; E. Parsons, Sarnia; 
N. Robinson, Stratford; S. W. Can- 
niff, Ottawa; R. L. Dobbin, Peterbor- 
ough; J. W. Peart, St. Thomas; F)S: 
Rhoads, Windsor; J. J. Jeffery, W. 
Dymond and M. J. McHenry, H.E.P.C. 
of Ontario, Toronto. 
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Rates Committee:—W. R. Catton, 
Brantford, Chairman; A. B. Manson, 
Stratford; G. E. Chase, Bowmanville; 
P. B.. Yates, St.-.Gatharines;..O.. H. 
Scott, Belleville; O. M. Perry, Wind- 
sor; R. S. Reynolds, Chatham; T. R. C. 
Flint and F. W. Peasnell, Toronto; 
Khoa be Ohandier,Poriw:Artnur:) did. 
Jeffery, G. F. Drewry and S. R. A. 
Clement, H.E.P.C. of Ontario, Toronto. 


Committee on Accounting and Office 
Administration:—R. S. King, Mid- 
land, Chairman; George Appleton, To- 
ronto, Vice-Chairman; H. R. Hatcher, 
Galt; ‘T. W. Houtby, Welland; A. B. 
Manson, Stratford; J. W. Hammond, 
Hamilton; W. E. Wallace, Windsor; 
M. A. Gough, East York Twp.; C. W. 
Eastwood, London; P. E. Battram, 
‘Sarnia; A. M. Bowman, Elmira; A. E. 
Ditchburn, Strathroy; W. M. Salter, 
Barrie; R. C. Parker, Penetangui- 
shene; R. H. Martyn, Ripley; G. W. 
Grabb, Chesley; M. W. Rogers, Carle- 
ton Place; H. Clegg, Peterborough; 
A. D. Nelson, Kingston; O. H. Scott, 
Belleville; Wm. Tait, Picton; R. H. 
Martindale, Sudbury and R. M. Bond, 
H.E.P.C. of Ontario, Toronto. 


Auditors:—H. P. L. Hillman, To- 
ronto, and W. G. Pierdon, H.E.P.C. of 
Ontario, Toronto. 
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Finland’s Electric Power 


Very little was heard of Finland 
until the present invasion by Russia, 
mention of such places as Helsinki 


and Viborg would only have evoked a 
look of interrogation on most faces 
before last November. There are 
thousands of lakes in the country, but 
the largest of them stands at a height 
of only 100 metres above sea level, so 
that the hydro-electric power avail- 
able is far less than it is in the moun- 
tainous regions of Norway, Sweden, 
Italy, and France. Nevertheless, the 
large acreage of water ensures great 
natural storage and evens the flow 
throughout the whole year. Ice is a 
great difficulty, but Finnish engineers 
know how to cope with it much as 
Canadian experts do. Up to April, 
1938, there were no less than 3800 
hydro-electric plants at work, develop- 
ing altogether some 600,000 h.p., 
which is about a quarter of the total 
available. Half of this is produced 
by the two largest stations at Imatra 
and Rouhiala. Imatra started running 
in 1929 with three turbo sets of 
27,000 h.p. each, and later it added 
another 27,000 h.p. and two of more 
than 32,000 h.p. each, the present ca- 
pacity being assessed at 172,000 h.p. 
Rouhiala has a total horsepower of 
132,000. Another station of 94,000 h.p. 
was being erected at Harjavalta in 
1938. At first the bulk of the water 
power was used for electric lighting 
and for the ironworks, but more re- 
cently the mechanical wood pulp mills 
use about ten times as much hydro- 
electric power as that consumed for 
all other purposes put together.—The 
Electrical Times. 
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A.M.E.U. Committee Reports 


Report of Regulations and 
Standards Committee 


The Regulations and Standards 
Committee met in Toronto, on Fri- 
day afternoon, November 10, 1939. 

Three matters had been referred to 
it by the Convention of the Associa- 
tion on February 7, 1939, for con- 
sideration, and this meeting was call- 
ed for the purpose of discussing these 
questions, with results as follows: 


(1) “That the standard rating of in- 
duction motors be changed from 
550 volts to 575 volts, three- 
phase.” 


It is the opinion of this committee 
that no action be taken to disturb 
the present rating, it being consider- 
ed that any unfavorable voltage not 
suitable for this rating is a condi- 
tion to be adjusted by the local 
utility. 

Mention was made of the fact that 
the Canadian Electrical Code tables 
are based on 550 volt and if any 
change were made, it would also be 
applicable to the 110, 220, and 440 
volt ratings to keep these in the same 
relative position, (C.E. Code 1939. 
Tables XXII, XXIII and XXV). 

The above was fully discussed and 
the motion carried, unanimously. 

The Committee’s recommendation 
is therefore that no action be taken 
to change the present rating. 


(2) “That manufacturers be asked to 
standardize on the 1,000 watt 
scale on 5 ampere meters, some 
of which are supplied with 1,500 
watt scales.” 


A resolution was moved and second- 
ed, that the 1,500 w. scale is more 
suitable in the majority of instances 
and that the 1,000 w. scale is obtain- 
able, if required. 

This was discussed fully and the 
motion carried, all being in favor. 

The Committee’s recommendation 
is therefore against the suggested 
standardizing of the 1,000 watt scale. 


(3) “That manufacturers propose 
standardizing on 15 ampere, 220 
volt, 3 wire meters and discon- 
tinue the 25 ampere.” 


The opinion of the committee was 
that in view of the load building pro- 
gramme of the Hydro-Electric Power 
Commission of Ontario, it is not de- 
sirable to discontinue the 25 ampere 
meter. 

The above was fully discussed and 
the motion covering it was carried 
unanimously. 

The Committee’s recommendation 
is therefore that the 25 ampere meter 
be continued. 

Signed on behalf of the Committee, 


C. E. BROWN, 
Chairman. 
* * * * 


Report of the Merchan- 
dising Committee 


A meeting of the Merchandising 
Committee was called on December 
8th to discuss various problems in 
connection wiitth merchandising and 
promotional work. 

Mr. McHenry outlined the opera- 
tions of the Sales Promotion Depart- 
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ment during 1939, especially the in- 
dustrial and commercial activity, dom- 
estic and rural, and the Lighting Ser- 
vice Section operations, also giving a 
brief resume of the nature of the Ad- 
vertising Campaign as carried on 
throughout the year, outlining the 
coverage obtained by the various 
media used. 


The increase in the number of mu- 
nicipalities assisting in part or whole 
in the installation of a range wiring 
service was drawn to the Committee’s 
attention, along with the estimated 
number of 11,000 ranges having been 
sold in the province for the year. 


The Rural Travel Shop operations 
were explained in some detail. The 
76 municipalities covered entailed 
some 3,460 miles of travel, along with 
an estimated attendance of 57,000 at 
these various meetings which gave the 
Committee an indication of the im- 
portance and the accomplishments of 
this operation. 


Mr. G. G. Cousins gave a brief out- 
line of the Lighting Service Section’s 
activity and stated that some 1,524 
power users have been called upon, 
with a total of 604 lighting recom- 
mendations furnished. The recom- 
mendations were submitited in over 
186 municipalities: 79 demonstration 
installations were made and 30 lectur- 
es were given. Mr. Cousins stressed 
the work of the Department in bring- 
ing to the attention of commercial 
users the advantages of using power 
in the follow-up rate, especially as ap- 
plied to lighting. A new publication 
shortly to be issued entitled ‘39 Steps 
to Better Business” was shown to the 
Committee and its purpose explained. 
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Mr. Cousins expressed his apprecia- 
tion of the co-operation received from 
municipalities and although the na- 
ture of their work, owing to war con- 
ditions has necessarily been somewhat 
curtailed in the domestic field, and 
their attention directed more to indus- 
trial lighting activity, he assured the 
members that the Department was 
now in the position to take care of all 
reasonable requests for lighting ser- 
vice. 

The history of the $3.00 range al- 
lowance was reviewed and it was 
pointed out that the allowance had 
been given to further the advertising 
and promoting of the sale of ranges. 
It was felt that the allowance had not 
been utilized for the purpose intended 
and therefore it was deemed wise to 
terminate it. A new promotional ef- 
fort has been decided on which it is 
hoped will bring more beneficial re- 
turns for the money expended. 

Considerable discussion followed re- 
garding range financing as to the ex- 
periences of the various municipalities 
in dealer financing and Hydro Shop 
financing. The rates of interest, term 
of years, trade in allowances on old 
equipment and bonuses varied consid- 
erably, as well as the nature of con- 
tract under which the various deal- 
ers signed with the local Hydros, and 
the Committee came to the conclusion 
that no definite set policy applicable 
to the province as a whole could be 
formulated. 

Mr. McHenry briefly outlined two 
proposals submitted by a finance com- 
pany covering Time Payment Plans 
for major appliances. No action was 
taken in this regard. It was forcibly 
brought to the Committee’s attention 
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that a relatively small amount of cap- 
ital is necessary to carry on a Time 
Payment Scheme, and with an aver- 
age interest rate of 41% per cent it 
seemed possible to successfully take 
care of all the contingencies met with 
in appliance financing. 


One municipality does not charge 
the same rate of interest on all appli- 
ances. Free service is limited to heavy 
current consuming appliances such as 
ranges, irons, toasters, etc. Other ap- 
pliances such as refrigerators, wash- 
ing machines etc. are serviced at a 
nominal rate per hour for labor, the 
material used in all cases being charg- 
ed for. 

The practice of giving premiums or 
gifts was discussed at some length 
and it was generally agreed that as 
Hydro Shops had not participated in 
any way in this regard, this mer- 
chandising idea should not be indulg- 
ed in. 

It was pointed out that in some 
places the gas refrigerator outlets 
were becoming quite active and com- 
petition could be expected. 

The financing contract between the 
dealer and the utility came in for con- 
siderable discussion. 

One municipality charges 5 per cent 
to dealers and assumes all responsibil- 
ities for servicing and collections. 


Another municipality, after a com- 
plete check of range and the condi- 
tions on consumer’s premises, as well 
as the credit rating of the consumer, 
will finance dealer sales, but holds the 
dealer responsible for service for one 
year after date of contract similar to 
responsibilities accepted under manu- 
facturer’s guarantee. 


Another municipality holds back 10 
per cent of the sale price for three 
months. 

One utility handles the complete 
transaction for the dealer, paying the 
range supplier and collecting from the 
customer, the dealer receiving 20 per 
cent of the value of the sale. 

Allowances for old equipment varied 
considerably. The maximum period 
of 3 years for range financing seemed 
to be general. 

One utility financed ranges at 5 per 
cent, appliances 7 per cent and 4 per 
cent on ranges sold to rural consumers. 

Another utility quotes an all inclus- 
ive price on all major merchandise, in- 
cluding interest and financing charges, 
the quoted price varying with the 
term of years under which the appli- 
ance is to be financed. 

The Committee recommends that all 
municipalities finance both dealer and 
Hydro range sales and that it is ad- 
visable to have some schedule of trade- 
in allowance for obsolete equipment in 
effect. 

Some comparative figures were then 
supplied the Committee regarding the 
new gas flat rate water heater as com- 
pared with the Hydro flat rate scheme, 
and it was shown conclusively that the 
Hydro plan and rates still offer the 
consumer the more advantageous and 
economical way of securing a supply 
of hot water. 


Mr. Dymond gave a short outline of 
the Hydro lamp sales for the year, 


giving the number of municipalities 


now making available Hydro long life 
lamps to their consumers, and draw- 
ing to the Committee’s attention the 
remarkable increase in the sale of 
higher wattage lamps, one of the large 
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sizes having an increase of over 400 
per cent, although the average for the 
low wattage lamps (15 to 100 watt) 
is approximately 30 per cent. The as- 
sistance given to the municipalities in 
respect to display advertising, direct 
mailing pieces, in the form of blotters 
and merchandising display stands, was 
covered, along with mention of the 
1940 newspaper lamp advertising 
plans. 

Mr. Cousins then reviewed to the 
Committee the reason for the 1,500 
hour long life lamps and showed how 
with cheap power rates in Ontario and 
lamp costs, this was a very economical 
and desirable life. The Committee rec- 
ommends that the policy of supplying 
1500 hour lamps to Hydro specifica- 
tions by The Hydro-Electric Power 
Commission for the municipalities be 
re-endorsed. 

The Committee then discussed at 
some length how lighting reports 
produced by the Commission’s Light- 
ing Service Section should be pre- 
sented to the consumers requesting 
same, and it is recommended that the 
matter be left to the individual util- 
ity manager to signify to the Light- 
ing Service Section just how he would 
like these reports transmitted. 

Mr. McHenry then discussed the 
problem presented when municipalities 
request the Department to advise them 
regarding opening Hydro Shops, espe- 
cially as it applies to the smaller mu- 
nicipalities, and the Committee was 
of the opinion that no municipality is 
too small to have a shop or office suit- 
able for the sale of or servicing of 
consumers’ appliances. The Commit- 
tee feels that every utility should be 
actively engaged in merchandising 
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and promotional work, in full co-op- 
eration with the local electrical 
dealers. 


An outline of the 1940 program 
similar to the preview given in the 
December issue of Ad-Watts was sub- 
mitted. It covered the industrial pro- 
motion plans, especially as they would 
be applied to war time industrial 
effort. Domestic and rural promo- 
tion plans, although curtailed to some 
extent for the coming year, will be 
maintained, and with the addition of 
the Hydro Homemakers’ Club it is ex- 
pected that this section of the De- 
partment’s activity will be adequately 
taken care of. . 

The Commission’s advertising pro- 
gram was also fully outlined and the 
coverage expected graphically de- 
picted. The addition of weekly news- 
papers to the Commission’s advertis- 
ing media was announced. 


Mr. George Hague of the MacLaren 
Advertising Company presented 
sketches of some of the forthcoming 
advertising material to appear in 
periodicals and newspapers, both 
daily and weekly, and some con- 
structive criticism was expressed by 
the Committee. 

The Committee endorses the past 
activities of the H.E.P.C. Sales Pro- 
motion Department and _ expresses 
approval of the program outlined for 
1940 and hopes that all Commissions 
will co-operate to the fullest extent. 

Signed on behalf of the Committee, 


Ov HS oCOER 
Chairman. 
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Report of Rates 


Committee 
The A. M. E. U. Rates Committee 
held three meetings during the year, 
one in Brantford in June and two in 
Toronto, one in November and one in 
December. Matters considered by the 
Committee are as given below. 


FLAT RATE WATER HEATERS 

Suggestions had been received of 
giving an extra discount when flat 
rate water heaters are controlled. By 
controlling this load power would be 
made available for other purposes as 
also distribution system and_ line 
transformers. Against such saving 
there is the expense of installing the 
control system. The Committee made 
the following suggestion :— 

When the flat rate water heater 
load in a municipality is controlled in 
whole or in part, that the rates to all 
flat rate water heaters in the munici- 
pality be made uniform, i.e. there will 
be no distinction as far as rates are 
concerned, whether the heaters are 
controlled or not. The suggestion of 
using extra discounts is not consider- 
ed desirable. Where the tank is install- 
ed the rental for the tank should be 
added to and included in the rate. 

In municipalities where the flat rate 
water heaters are controlled, 25 per 
cent should be deducted from the kil- 
owatt-hours used for the purpose of 
splitting costs for system analysis. 

For the purpose of system analysis, 
the cost of installing flat rate water 
heater control should be charged to 
the whole system and split on demand. 

RE 75 PER CENT OF DEMAND RULE 

The suggestion was made at the 

1939 Summer Convention that the 


present ruling for decreased load of 
billing on the basis of not lower than 
75 per cent of the previously estab- 
lished maximum demand be consider- 
ed to ascertain if this limit could not 
be lowered. This was referred to The 
Hydro-Electric Power Commission of 
Ontario whose Rates Committee ad- 
vised that, since with the present 75 
per cent limit the net revenue from 
service charge without considering 
class or local discounts became 67.5 
cents per horsepower per month of 
the previously established maximum 
demand, it did not consider a reduc- 
tion of the present limits desirable, 
when compared with the cost of the 
service. A concession might be made. 
however, while retaining the present 
limit of 75 per cent applying to the 
service charge by dividing the kilo- 
watt-hours on the basis of actual de- 
mand. This Committee accepted the 
Commission’s suggestion and asked 
that the clauses of the Standard In- 
terpretations of Rates be rewritten 
accordingly, this change to apply to 
power users only, commercial lighting 
service to remain unchanged. 
NEON SIGNS : 

Attention was directed towards the 
lack of uniformity in marking Neon 
signs to show their rating, and also 
to the present rulings governing bill- 
ing for them. The Hydro-Electnic 
Power Commission was asked to take 
steps towards having a uniform meth- 
od of labelling the signs in an access- 
ible location and also to consider re- 
writing the rules for billing these 
signs, taking in. fluorescent lighting. 
The Commission’s Rates Committee 
advised that the matter of labelling 
Neon signs had been discussed with 
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the Electrical Inspection Department 
and instructions had been given to 
that department to establish a uniform 
method of labelling them giving the 
rating in amperes and volts, the label 
to be placed in an accessible location. 
The Commission’s Commititee recom- 
mended that no change be made in the 
wording of the present rules for bill- 
ing. This report was accepted by this 
Committee. 


SMALL LOADS, INTERMITTENT LOADS 
AND ELEVATOR MOTORS 

The question was brought up as to 
the intent of the rules for billing for 
small power loads and for intermit- 
tent loads, referring to Clauses 45, 46 
and 47 of the Standard Interpreta- 
tions of Rates. The Hydro-Electric 
Power Commission of Ontario was 
asked to reword these clauses so as 
to clarify the intended meaning. The 
Commission’s Rates Committee sub- 
mitted a suggested revision for Clause 
45, “Service to Small Loads” which 
was amended slightly and accepted. 
The proposed new Clause 45 is:— 

“Unless a polyphase street main at 
motor voltage passes the consumer’s 
premises, installations of less than 
5 horsepower will be given single- 
phase service. If polyphase service is 
required by the consumer for less than 
5 horsepower, and it is not already 
available from existing polyphase 
street mains, such load may be billed 
ona minimum of 5 horsepower”. 

The Commission’s Rates Committee 
submitted a suggested rewording of 
- Clauses 46 and 47, “Intermittent Rat- 
ed Equipment” and “Elevator Motors” 
which endeavoured to clarify the in- 
tention of these two clauses. The 
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suggestion was accepted for applica- 
tion except in municipalities where 
there are special conditions and the 
Commission was asked to write the 
clauses in their final form. 

In order that there will be no mis- 
understanding as to the capacity of 
intermittent rated equipment the 
Hydro-Electric Power Commission 
was asked to take steps to have all 
such equipment supplied with name- 
plates, put on by the manufacturers, 
showing the rating as “intermittent”. 

Signed on behalf of the Committee, 


W. R. CATTON, 
Chairman. 


% % % * 


Report of the Committee 
on Accounting and Office 


Administration 


The Committee on Accounting and 
Office Administration held two meet- 
ings during the year for the purpose 
of transacting the general business. 
These meetings were well attended 
and considerable interest was in evi- 
dence in respect to the affairs of the 
Committee. 

In addition the following special 
meetings were held under the direc- 
tion of the Committee: 


(1) A regional meeting at Barrie on 
the 14th of June, 1939, at which 
fifty-one were present from the 
Georgian Bay system along with 
representatives of office equip- 
ment manufacturing companies 
and six from The Hydro-Electric 
Power Commission of Onturio. 
This meeting was similar to 
former regional meetings held in 
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other parts of the province for 
the purpose of giving those in 
attendance an opportunity of dis- 
cussing accounting methods and 
viewing up-to-date office equip- 
ment. The plan of commencing 
the meeting in the morning and 
continuing until late afternoon 
with an adjournment for lunch- 
eon was followed and met with 
approval. His Worship, the 
Mayor of Barrie, -addressed the 
luncheon meeting and welcomed 
those present and expressed the 
appreciation of the local commis- 
sion of the accounting methods in 
operation in the electric depart- 
ment. 


A sub-committee meeting was 
held in London with representa- 
tives from the western section 
which has been organized as a 
unit under the chairmanship of 
Mr. W. E. Wallace of Windsor. 
Plans were made at this meeting 
for a regional meeting to be held 
in London on September 27, 1939, 
and the necessary committees 
were named for the purpose 
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of carrying through this meet- 
ing. Unfortunately, circumstances 
arose at the time arranged for 
the meeting in respect to the im- 
position of the Dominion War 
Revenue Sales Tax on electric 
service and this meeting had to 
be postponed. It is planned, 
however, that it will be held early 
in 1940. 


The regular meeting of the Stand- 
ing Committee is being arranged to 
be held during the Winter Conven- 
tion and a sub-committee on arrange- 
ments has been appointed. 


The Committee records with regret 
the death of Mr. W. G. Henderson of 
Cobourg who was Chairman of the 
Committee in 1988 and at the time 
of his death was the Chairman of the 
sub-committee on Legislation. The 
late Mr. Henderson was keenly inter- 
ested in the activities of the Stand- 
ing Committee and his counsel will be 
greatly missed. He passed away on 
Monday, May 1, 1939. 

Signed on behalf of the Committee. 


H. R. HATCHER, 
Chairman. 
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Windsor Hydro Essay Contest 


URING the month of Febru- 
ary, the Hydro Division of 
the Windsor Utilities Com- 
mission sponsored a Hydro 

eee Contest in which $250.00 in 
prizes was offered to 4th and 5th 
Form pupils in the four Collegiate 
Institutes, the Windsor - Walkerville 
Vocational School and the equivalent 
grades in Assumption High School. 
Last year a similar contest was held 
which proved so successful that it was 
decided to have a second contest this 
year. Fifty-four prizes were awarded 
this year as follows: 


LST ei eeen ee ee se, $50.00 

PANG R&A cla BE lames ae ae 25.00 

SUCsE VIZe i eee oe 15.00 

ALR RNZG) 4d, pete ates 10.00 
Nextel0"Prizés! 2. 5.00 each 
Next 20 Prizes ............... BOO eae 
INE X U2 eb TAZCS te oe: PaO oe 


In addition there was a prize of 
$25.00 given to the school having the 
largest percentage of entrants. 

The subject for the contest was 
“Hydro in the Home’”’ and essays were 
to be approximately 1,000 words. No 
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pupil having a member of his. family 
in the employ of the Windsor Utili- 
ties Commission was eligible to enter 
the contest. Entries were judged on 
the following points: 


(a) Knowledge and command of 


subject. 
(b) 
(Cc) 
(d 
(e) 
(f) Literary qualities. 


Originality of treatment. 


Accuracy. 


Ss 


Spelling. 
Writing. 


Out of 1,542 students who were 
eligible, 905 submitted essays. Upon 
receipt of the essays they were given 
a preliminary reading. Average es- 
says were graded ‘“B”, less than aver- 
age “C” and better than average “A”. 
This resulted in 57 being graded “‘A”’; 
658 as “B’; and 190 as “C”. Three 
judges then re-read the “A” essays, 
marking each and allowing 60 points 
for knowledge, 30 for literary qual- 
ities and originality and 10 for spell- 
ing and writing. The 54 prizes were 
determined on this basis, and the 
cheques were given out in the School 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discus- 
sion of “Hydro” matters and to main- 
tain the co-operative spirit between 
municipalities, as well as between 
munictpalities and the Commission. 
Articles of interest are invited for 
publication, 


Assemblies at which there were more 
than 3,000 pupils present. 

The Windsor Utilities is greatly 
pleased with the response received 
and the keen interest shown. The 
contest has created a high degree of 
publicity. 

The first prize of $50.00 was won 
by Audrey Gask of the Windsor Vo- 
cational School. 
duced below: 


Hydro In The Home 


By Audrey Gask, Windsor 
Vocational School 


Her essay is repro- 


Many are the songs and poems 
written in praise of “home’’, bespeak- 
ing its comforts and contentment. 
From earliest times when man sought 


seclusion and peace around a brightly 
burning fire in his dismal and 
draughty cave, to the present day 
when we sit cosily in our scientifically 
lighted rooms, the home has been the 
core of the nation—the deciding fac- 
tor whether the nation should rise or 
fall. From contented, well-managed 
homes rise successful, civilized na- 
tions. 

All praise and credit must be given 
to those factors which contribute to 
the smooth, efficient management of 
a home—those factors which make 
home a happier, more comfortable 
place. Without one moment’s hesita- 
tion, then, we award the laurels to 
“Hydro’—that silent but most effici- 
ent server of mankind. 


Clear in my mind is the memory of 
my home in England ten years ago in 
which the liberating hand of Hydro 
had not performed its miraculous 
tasks. I can recall my mother, with 
minute precaution, turning out the oil 
lamp at night and gingerly casting 
moist tea leaves over the carpet pre- 
paratory to cleaning. Likewise, too, 
my visions reveal to me rows of burn- 
ished brown tea-cakes and golden 
bread, spread appetizingly upon a 
table in an over-heated kitchen. How 
delighted I was to do my part in con- 
suming such excellent cookery, little 
realizing the time my mother had 
spent in its preparation—the tedious 
piling of wood to heat the oven, the 
caution taken to acquire the exact 
amount of heat and the patient watch- 
ing lest the labor of her hands might 
burn. 

What a wonderful world was mine 
when we took up residence in our Can- 
adian home—the magic power that 
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lay behind a simple switch. The lux- 
ury of a bed lamp astounded me, and 
the rosy glow of a toaster upon the 
breakfast table in the morning was 
the cause for extreme delight. One 
evening just after our arrival, I re- 
turned home to find my mother in 
deep exasperation at my father. ‘““How 
can I get a dinner ready when he 
hasn’t left a match in the house to 
light the stove with?” she bewailed. 
Dinner was lacking that evening, 
true, but our merriment over mother’s 
disregard (I should say unfamiliar- 
ity) of a magic switch was adequate 
compensation. 


Hydro in the home today is the 
unseen helpmate of busy house man- 
agers. The labor saved by its power 
is immeasurable. No longer are tea 
leaves whisked over our carpets to 
catch the dust. The mere snapping 
of a button sends intricate machinery 
awhirr and our carpets are renewed 
and refreshed. Time was when the 
weekly wash was a solemn ceremony 
of steaming kettles and loathsome 
boards and tubs. Today the woman 
who washes the Hydro way settles 
herself comfortably by the radio to 
listen to the latest suggestions on 
cookery and home management, while 
electricity and the washing machine 
settle the problem of the dirty clothes. 
Even after the clothes are brought in 
from the yard clean and fresh, the 
symphony of Hydro is_ continued 
through the ironer till the clothes are 
neatly piled ready for placing in the 
closet. 

We are going to be a healthier 
breed of men because of Hydro. Our 
food is the foundation upon which we 
build healthy, energetic body. Food, 
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then, to be of the utmost value to us 
must be prepared efficiently and there 
is no better method than the Hydro 
way. Modern electric stoves with 
their specially designed utensils and 
automatic oven-control, dispatch meals 
to our table, in which the vitamin 
content is retained and the exact de- 
gree of cooking has been performed 
to ensure easy digestion. Housekeep- 
ers who follow the advice and recipes 
of Hydro’s dieticians can always boast 
that their families are fed with meals 
shitorna Kine”) 


The refrigerator, too, plays a vital 
part in keeping us well by maintain- 
ing food at such a temperature that 
contamination is well-nigh impossible. 
Air conditioning has purified the air 
we breathe, thus lessening the spread 
of germs and the ensuing serious re- 
sults. No better substitute for the 
sun, under the sun, can be found than 
the indirect lighting system afforded 
by tri-light lamps. Our eyes slip over 
the printed matter smoothly and an 
evening’s reading under these condi- 
tions is one well spent and one in 
which eye strain is unthought of. 


Hydro has made our lives so worth 
while because of its convenience. It 
is such a pleasure on a morning to 
revel in a delightful warm shower— 
Hydro has been faithful through the 
night and kept your tank hot. Then 
the male sex can enjoy the exhilar- 
ating feeling of an electric razor dis- 
pelling that stubborn beard. No 
Roman emperor with all his grandeur 
enjoyed a more tasty breakfast than 
falls to our lot with Hydro’s miracu- 
lous devices. The toast pops out from 
its mirror-like chrome container a 
golden brown, your waffles, cooked to 
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perfection, beam at you in their crisp, 
checkered coats, and your coffee 
emerges from its crystal palace pip- 
ing hot and just right! A Hydro 
breakfast is the best send off to a suc- 
cessful day. “All things come home 
at eventide” lilts a familiar song, and 
those who return to a Hydro-equipped 
home find true comfort and content- 
ment. There is no need to stir abroad 
at night. You have the very world 
at your finger-tips with a radio at 
your side. You can loll leisurely back 
in your chair and listen to the story 
of the world being written, follow the 
solemn beauty of a symphony, the 
dramatic unfolding of an opera or 
well-known book, or, if in a lighter 
mood, tap your toes to the pulsating 
rhythms of an orchestra. 

All Hydro’s advantages would avail 
nothing were they the exclusive priv- 
ilege of a few, but the extremely low 
operating cost of Hydro affords every- 


one a splendid opportunity to take 
advantage of its utility. God has en- 
dowed this wonderful country of ours 
with innumerable blessings and one 
of the most valuable is Hydro. The 
gigantic forces of Niagara have been 
marshalled with the result that, under 
careful supervision and management 
on the part of our government this 
God-given blessing is available to all 
at a minimum of cost. Hydro is yours. 
Use it and save. 

Our civilization of today could not 
have reached its mark of perfection 


without electricity. We owe a great 


debt to Sir Adam Beck and all those 
pioneers who developed its qualities 
for our general good. That which 
contributes to the welfare and hap- 
piness of a nation as a whole is worth 
unending praise. We can truly say 
that the song of praise and thanks- 
giving to Hydro will ring on down 
through the centuries to come. 
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Hydro and the St. Lawrence 


By Dr. Thomas H. Hogg, Chairman and Chief Engineer, 
The Hydro-Electric Power Commission of Ontario 


O the average citizen of 

Ontario and Canada, the 

St. Lawrence navigation and 

power project is a mammoth 
undertaking that has periodically ap- 
peared and disappeared from his field 
of notice, always without finality one 
way or the other. He is now surprised 
at its re-appearance at a very critical 
period in Canadian history, when all 
our best energies are needed for a life 
or death war. His first question is: 
why would it not be best to defer any 
decision until after the war, when the 
re-establishment of returned soldiers 
will present a pressing social problem 
of great magnitude? He has noted 
with disquiet and alarm a great deal 
of anti-St. Lawrence propaganda warn- 
ing him that it would saddle Canada 
with an enormous expense, running 
into many hundreds of millions of 
dollars. He is being told that the 
navigation project would be of little 
or no value and that Ontario has no 
need, either now or in the near future, 
for St. Lawrence power. Yet he knows 
that his Government has seriously con- 
sidered entering into a St. Lawrence 
treaty with the United States. In the 
face of all this, is it any wonder that 
he stands bewildered and more than 
a little suspicious? 

All my life I have been interested in 
power, the development of power and 
the power needs of communities. My 
primary interest in the St. Lawrence 


Address to The Empire Club of Canada at 
Toronto on April 11, 1940. 
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project is due to power. You will 
know how to take this into account as 
you listen to what I say. But do not 
forget that you too have a deep in- 
terest in the project. It concerns you 
vitally, both as it directly affects your 
local interests and as it affects the 
interests of Canada. Moreover, as 
Canadians, you need offer no apology 
for urging that Ontario’s interests be 
very carefully considered and for in- 
sisting upon the importance of a proper 
understanding of all aspects of the St. 
Lawrence project. 


In some respects it is unfortunate 
that the official arguments in favor of 
the St. Lawrence project have not 
been put forward and cannot yet be 
put forward. For reasons which you 
can readily appreciate, the Dominion 
Government has necessarily kept silent 
and you have been dependent upon 
various analyses published by the 
newspapers and _ periodicals, very 
largely based upon proposals made in 
1932. 

On the other hand, those who take 
a narrow and selfish view and those 
who fear that their interests may be 
adversely affected have been loud and 
persistent in their clamour against the 
St. Lawrence project. Large sums of 
money have been spent for ingenious 
anti-St. Lawrence publicity. Although 
plausible, much of this deceptive 
propaganda collapses like a pricked 
balloon when subjected to careful 
study. 
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It is most regrettable that such 
propaganda appears to have been ac- 
cepted in good faith and at face value 
by many newspapers and publications 
unaware of its fallacious character. 
In the absence of correct information 
it is perhaps natural that this should 
be so, but the distorted and erroneous 
conceptions which inevitably have 
arisen in the minds of the public in 
consequence of untrue propaganda is 
none the less harmful. 

With this in mind, I have decided 
to talk to you about the St. Lawrence 
project. I have no intention of dis- 
cussing navigation in any detail, al- 
though I shall make some references 
to the combined navigation and power 
project as a whole. My primary and 
official concern is with power, and I 
shall begin with a brief review of the 
power demand of The Hydro-Electric 
Power Commission, its growth and 
the resources available to meet future 
growth. 


POWER RESOURCES AND REQUIREMENTS 


During the interval between the last 
war and this, the increase in industrial 
use of electricity has been enormous. 
Thousands of factories have been 
established, technical processes have 
been developed, personnel has been 
trained, power equipment installed and 
a strong broad industrial base has 
been laid. On this broad base Ontario 
industry is capable of rapid expansion. 
But for the existence of this industrial 
foundation, the production of muni- 
tions and supplies vital for the war, in 
quantities that would have any signifi- 
cant effect upon the outcome, would 
be impossible. 


Looking back to the last war, you 
will recall that notwithstanding the 
Commission’s utmost efforts, a power 
shortage on the Niagara system oc- 
curred during 1917 and 1918. That 
shortage threatened to handicap vital 
industry at a time when the need for 
power was tragically urgent. It will 
be well to keep this in mind during this 
review of the resources of the Niagara 
system. 

The outlook has changed materially 
since the Quebec contracts issue was 
settled some two years ago. Who 
would have thought then, when so 
many declared we would never need 
the additional Quebec power, that we 
would to-day seriously question the 
adequacy of our Niagara system re- 
sources to meet the demands upon 
them beyond the early fall of 1942. 
This may seem almost unbelievable to 
those who regarded the low rate of 
load growth during the early and 
middle thirties as a reliable indica- 
tion of the probable increase in future 
power demands and who were seri- 
ously impressed by the repeated asser- 
tions during that period that the 
quantity of power available under the 
Quebec power contracts exceeded the 
Commission’s most optimistic require- 
ments for many years to come. I 
never took this view, and the facts do 
not support it. 

First as to resources now available 
for growth. In December, 1939, our 
Niagara system power resources ex- 
ceeded the demand for primary power 
including normal reserves by about 
100,000 horsepower. In addition to 
this, the total quantities of power 
scheduled for future delivery under 
No. 4 
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our Quebec contracts, including the 
last block of 20,000 horsepower due 
in November, 1944, aggregate 140,000 
horsepower. The two combined amount 
to 240,000 horsepower and represent 
the total quantity of power resources 
available for growth in the Niagara 
system while preserving a working re- 
serve. 

As evidence of load growth, consider 
this: from December, 1929 to 19381 
during the depths of the depression 
there were substantial decreases in 
the Niagara system primary demand; 
from December, 1931 to 1935 small in- 
creases of less than 3 per cent per 
annum; from December 1935 to 1938 
larger increases, in the order of 5 or 
6 per cent per annum. But, in Decem- 
ber 1939, our Niagara system primary 
load exceeded the peak of the previous 
year by 150,000 horsepower, a growth 
of 13 per cent. Last March (1940) the 
load growth over the previous March 
(1939) was 178,000 horsepower, over 
17 per cent. A load increase of only 
10 per cent per annum for two years 
over the primary load of December 
last, would mean that every resource 
of our Niagara system including the 
last block of Quebec power not due 
until 1944 would be needed to meet 
the demand for primary power as of 
December, 1941, while providing only 
a very moderate reserve for safety. 
Allowing for the growth of the East- 
ern Ontario and Georgian Bay systems 
which for a year or two will probably 
be supplied by transfer from the 
Niagara system, the working reserve 
will be wiped out entirely in December 
1941. 

Some of you may remember that 
for a period of eighteen years prior 
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to the thirties, load increases of 10 
per cent per annum were the order 
of the day. That such increases can- 
not go on forever no one doubts, but 
while war activity and industrial ex- 
pansion continue, load increases of 10 
per cent per annum would seem to be 
quite moderate. 


Your guess as to how long the war 
will last is as good as mine. If it 
should continue for a number of years 
the need for substantial additional 
quantities of power in the very near 
future cannot be questioned. Consid- - 
ering the amazing growth in the 
mechanization of our military forces, 
the great increase in numbers and 
complexity of modern weapons and the 
consequent complete dependence of 
military effort upon maximum factory 
production, the importance of adequate 
power resources, especially during the 
war, is generally recognized as estab- 
lished beyond question. 


After the war I look for a temporary 
decrease in power demand, followed 
in a very few years by more or less 
normal growth. 


CHRONOLOGY 

It was in 1932 that the advocates of 
the St. Lawrence development first ap- 
peared to have success almost within 
their grasp. After exhaustive study by 
national and international engineer- 
ing bodies and lengthy negotiations 
between representatives of the govern- 
ments of the two countries, a treaty 
designed to provide a basis for the 
undertaking was signed. 

The treaty provided for the orderly 
improvement of the river sections of 
the waterway from the head of the 
Great Lakes to Montreal harbour. It 
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also provided for the immediate de- 
velopment of the water power in the 
International Rapids section of the 
St. Lawrence river as an integral part 
of the comprehensive project; this In- 
ternational Rapids development was 
to have been a joint undertaking for 
navigation and power. 

At about the same time Canada and 
Ontario entered into an agreement 
under which the power on the Cana- 
dian side was to have been developed 
by the Province. 

When submitted to the United States 
Senate, the 1932 treaty failed to re- 
ceive ratification. In consequence it 
was never formally presented to the 
Parliament of Canada nor was the 
Canada-Ontario agreement submitted 
to the Provincial Legislature. 

During 19387 the diversion of north- 
ern waters into the Great Lakes from 
Long Lac and the Ogoki river, and the 
exclusive use by Canada of waters so 
diverted all along the international 
boundary received considerable atten- 
tion and as a result the advantages 
of an international arrangement un- 
der which these international waters 
could be more effectively used to meet 
the needs in each country again came 
to the fore. 

In May, 1938, Mr. Cordell Hull, 
Secretary of. State for the United 
States, put forward a comprehensive 
proposal for the settlement of prob- 
lems on the entire Great Lakes-St. 
Lawrence basin. Mr. Hull also sub- 
mitted a draft treaty which provided, 


as before, for the construction of a - 


deep waterway from lake Superior to 
Montreal harbour and, as before, for 
the development of power in the In- 


ternational Rapids section of the St. 
Lawrence river. 

Toward the latter part of 1939 dis- 
cussion of the Hull proposals was 
opened between representatives of 
Canada and Ontario and early in Janu- 
ary, 1940, negotiations between Canada 
and the United States commenced. 
Although there has been a lull in these 
negotiations, there is no doubt that 
Canada and the United States are in 
substantial agreement and that the 
way to signing a new treaty is open. 

In his letter to the Government of 
Canada (dated May 28, 1938) Mr. 
Cordell Hull summarized the provi- 
sions of the tentative draft treaty. “In 
brief,’ he said, “the proposed treaty 
would: 


““(a) enable the United States to go 
forward immediately with the Interna- 
tional Rapids Section link in the pro- 
posed St. Lawrence deep waterway and 
the incidental power development; 

“(b) defer Canada’s responsibility 
for completing its share of the water- 
way for a sufficient time to assure 
the readiness of the Ontario power 
market to absorb its share of the 
power ; 


“(c) provide for an international 
commission to develop plans and ad- 
vise the two governments in a program 
to promote the most advantageous use 
of the entire Great Lakes-St. Lawrence 
resource ; 

“(d) assure the immediate under- 
taking under the supervision of this 
commission of the proposed remedial 
works to preserve the scenic beauty of 
Niagara Falls; 

“(e) permit the Province of Ontario 
to go forward with its plans for diver- 
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sions from the Albany River basin into 
the Great Lakes and utilize such addi- 
tion water for power at Niagara; 


“(f) make available considerable 
additional Niagara power to each 
country for development at will; and 


“(g) enable the proposed commis- 
sion to proceed immediately with the 
preparation of comprehensive plans 
for more efficient use of the resources 
of the Niagara River.” 

From an engineering standpoint, 
the development plans are perfectly 
sound. They also have the material 
advantage of being nearly $30 million 
lower in cost than the plans upon 
which the 1932 treaty was _ based, 
while at the same time affording full 
protection for all the interests in the 
various sections of the St. Lawrence 
river. This saving, when equitably 
distributed among the four interested 
parties, materially benefits Ontario 
and Canada. 

I must also draw your attention to 
a feature of the 1938 draft treaty 
which provides for the construction of 
remedial works for the protection of 
the scenic beauty of the Niagara falls 
and the development of additional 
power from the Niagara river. This 
significant provision makes additional 
Niagara power contingent upon the 
conclusion and ratification of a St. 
Lawrence waterways agreement. 


COST 

In the unavoidable absence of official 
information upon any treaty which 
might be signed as a result of negotia- 
tions during recent months, we have 
no choice but to assume that the basis 
for the division of cost of the St. 
Lawrence project would not differ 
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materially from the basis set out in 
the treaty of 1982. I have already 
pointed out the probability that there 
will be a saving of some $30 million 
as compared with the 1932 plans, but 
in what follows, that saving is entirely 
neglected. 

Bear in mind that the St. Lawrence 
River development is a combined navi- 
gation and power project, and that the 
estimates for the International Rapids 
section include the cost of works both 
for navigation and power. In the 
national section of the river, which 
lies wholly within the Province of 
Quebec, works for power and for navi- 
gation may be undertaken either inde- 
pendently, or as a combined project. 
Though official estimates are available 
for each, only those estimates for the 
navigation project are here referred 
to, since the power projects would be 
independent, self-liquidating under- 
takings. 

Both the 1982 treaty and the 1938 
draft treaty specified that the United 
States would provide funds for all 
undertakings in the International 
Rapids section, except those required 
for lands, rehabilitation, canals, locks, 
power-house  superstructures and 
equipment in Canada. Thus the United 
States would assume the cost of all 
works in the river, including the dam, 
equipped to control and regulate the 
flow of the river, and including all 
dredging. This the United States 
was ready to do in order to equalize 
the cost of the project. Canada had 
already expended many millions of 
dollars on the Welland canal and else- 
where so that in order to finally arrive 
at an equal expenditure on the part of 
both nations, it was agreed that the 
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United States would bear the greater 
part of the expense in the Internation- 
al Rapids section and that Canada 
would complete the works in the purely 
national section in the Province of 
Quebec. 

It might be argued, and with good 
reason, that on the basis of financial 
strength, the total population of the 
two countries, and the use of the canal, 
the United States should pay much 
more than Canada but I think our 
people as a whole would like to feel 
that they are pulling their own weight 
and are in no way indebted to a good 
neighbour for any more assistance 
than should be provided by an equal 
partner. 

In the International Rapids section, 
which is estimated to cost a total of 
$274 million for both navigation and 
power on both sides of the boundary, 
the actual gross out-of-pocket expenses 
incurred by Canada were: 

a. For lands, rehabilita- 

tion, canals and locks 

(Federal Government) $22,320,000 
b. For generating stations 


VOntAYIG) fF == = =e $36,930,500 
$59,250,500 
A total of $59 million. Obviously 


this low cost to Canada for work actu- 
ally done in the International Rapids 
section is due to the assumption of 
much larger expenditures by the 
United States in lieu of Canada’s ex- 
penditures elsewhere. In this way 
Canada begins to secure the benefits 
of large expenditures already made, 
for which no return can now be se- 
cured. 

Now let us distinguish between the 
obligations of the Federal Government 


of Canada and of the Government of 
Ontario which devolve upon The 
Hydro-Electric Power Commission of 
Ontario. 

Ontario agreed to pay a fair price 
for the power benefits which would 
be derived from a dam, sluice gates 
for controlling and regulating the 
river, power-house substructures and 
channel improvements. As. these 
works were provided at the expense of 
the United States in lieu of heavy ex- 
penditures already made by the Cana- 
dian Federal Government it was only 
proper that Ontario’s payment should 
go to the Federal Government. Under 
the 1932 proposals $67 million was 
agreed upon as the sum payable by On- 
tario. Ags the total estimated cost to 
the Federal Government for work in 
the International Rapids section was 
$22 million, it would have actually 
come out of the International Rapids 
section $45 million to the good. This 
sum could have been applied to the 
cost of works in Quebec to which the 
Federal Government was committed. 

Under the agreement, Ontario 
meant, in effect, The Hydro-Electric 
Power Commission of Ontario. On- 
tario’s only uncontrollable obligation 
was the $67 million payable to the 
Federal Government. This was a 
binding commitment. An additional 
total expenditure of $37 million would 
be made in due course for the con- 
struction of generating stations, but 
this was controllable, and would be 
made on whatever schedule best suited 
Ontario’s needs. In other words, all 
of the $37 million for a generating 
station could be deferred as long as 
St. Lawrence power was not needed by 
Ontario and, of course, it could be ex- 
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pended unit by unit to produce power 
as required. All this without impos- 
ing burden of any kind upon Ontario 
taxpayers. 

On completion of this controllable 
and gradual outlay, eventually totalling 
$37 million, Ontario would finally se- 
cure 1,100,000 horsepower at a capital 
cost of $95 per horsepower. 

To visualize the obligations assumed 
by the Federal Government, we must 
examine the project as a whole, includ- 
ing not only the International Rapids 
section which borders Ontario, but also 
the work in Quebec. The official 
figures for the 1932 proposals show the 
cost to the Federal Government of the 
work in Quebec as $83 million and for 
work in Ontario, $22 million; a total 
of $105 million. Deducting the $67 
million payable by Ontario, the esti- 
mate of the Federal Government’s out- 
of-pocket expense for the whole St. 
Lawrence river became $38 million. 

However, it is well for us all to re- 
member that all estimates are based 
upon unit costs for material, for 
labour, and for equipment. If, on 
account of direct or indirect inflation 
the actual unit costs should differ very 
materially from the estimated unit 
costs, it is highly probable that a cor- 
responding variation would occur in 
the total cost of the project. But the 
increase or decrease in cost caused by 
such variation should be fractional 
only. 

THE JACKMAN PAMPHLET 

I must now refer, though with some 
measure of regret, to a pamphlet en- 
titled ‘The St. Lawrence Project, pub- 
lished by W. T. Jackman, Professor of 
Transportation, University of Toronto, 
February, 1940”. Thousands of copies 
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of this pamphlet have been printed 
and circulated and excerpts have been 
extensively quoted throughout Canada 
and the United States. Many well- 
meaning people have been influenced 
by the use of the name “University of 
Toronto’, and many interested parties 
have seized upon that name for its 
propaganda value, yet I have a letter 
from the University informing me 
that the pamphlet “is not published or 
approved by the University in any 
way”. 

Having regard to Mr. Jackman’s 
university affiliations and the great 
numbers of his pamphlets that were 
printed at Fort Erie and broadcast all 
over the North American continent, 
it would be interesting to know 
whether he published it at his own 
expense as a personal contribution or 
whether it was sponsored by any per- 
son or organization and, if so, the 
name of such person or organization. 
Had this information been given, the 
pamphlet could not have been mis- 
takenly presumed to be an official and 
hence an impartial publication of the 
University. 

While I am sorry to criticize the 
work of a Canadian university pro- 
fessor, I feel compelled to deal with 
this pamphlet because of grossly mis- 
leading and erroneous’ statements 
which it contains and because of an 
unjustified reference to The Hydro- 
Electric Power Commission of On- 
tario. 

From the viewpoint of capital cost, 
the more serious errors in Mr. Jack- 
man’s pamphlet relate to power from 
the International Rapids section. On 
page 6 of his pamphlet, Mr. Jackman 
says: “This would mean that in order 
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to get 1,100,000 horsepower of electric 
energy, the Province of Ontario, 
which would receive all this power, 
should have to bear the cost of its 
production, that is $670,000,000”. Mr. 
Jackman makes it clear on page 4 that 
he is considering only the “Interna- 
tional section” and not “the full de- 
velopment of power and navigation 
down to Montreal”’. 

As I have already indicated, Cana- 
da’s net out-of-pocket expense for 
actual work in the International Rapids 
section is $59 million. Under the 
1932 proposals, Ontario’s  out-of- 
pocket expense for power is $104 
million which includes a payment of 
$67 million to the Federal Govern- 
ment, a sum which is_ sufficient 
to pay for all of the Federal Govern- 
ment’s work in the International 
Rapids section and leaves $45 million 
to be applied to work in Quebec. But 
under Mr. Jackman’s assumption that 
no work would be done in Quebec, 
what figure, based upon official esti- 
mates, have we to compare with his 
$670 million? I think all we can say 
is that such a figure would lie some- 
where between $59 and $104 million. 

Fantastic as this figure of $670 
million is, when compared with 
the official estimates, its origin is 
simple. It is largely the outcome of 
pyramiding error upon error. Let me 
give you a few examples. 

First; Mr. Jackman assumes that 
half the cost of the work in the Inter- 
national Rapids section is chargeable 
to Canada. As I have already pointed 
out, Canada was to pay very much less 
than half the total cost of the work. 

Second; Mr. Jackman includes in his 
estimate the cost of interest during 


construction. Although this is not 
usual in Government estimates, I have 
no quarrel with the inclusion of in- 
terest if correctly calculated. But in 
his calculation of interest Mr. Jack- 
man has used an approximate method 
based on a much longer construction 
period than that clearly set out in the 
schedule included in the official report 
and he assumes a uniform rate of ex- 
penditure throughout. His interest 
ealculations are $35 million on the 
high side. 

Third; To the foregoing Mr. Jack- 
man adds $100 million for Canada’s 
share of work in or above lake On- 
tario, which does not appear in the 
official estimates, and he assumes that 
the cost of this work should be 
charged to power. 

Is it reasonable to suppose that 
large sums of money would be spent 
for navigation in and above lake On- 
tario as well as in the International 
Rapids section while omitting work in 
Quebec that would make through 
traffic possible? If such navigation 
work were deemed to be advisable, 
why should it be charged to power in 
the International Rapids section? 

Fourth; Mr. Jackman multiplies his 
swollen figures by 2%, because the 
official estimate, although prepared by 
a board of competent engineers, after 
exhaustive study and having before 
them unlimited data, was, in his 
opinion, not high enough. As plausible 
justification of this procedure, he 
cites the increase in cost of certain 
major engineering works, disregard- 
ing factors such as enlargment of the 
project during construction and ne- 
glecting all the many other undertak- 
ings on which the costs were consist- 
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ent with the estimated figures. It is 
my considered opinion that if this 
work were to be re-estimated on the 
basis of present-day unit costs, the 
figures would be lower rather than 
higher. Since the preparation of the 
estimates, great advances have been 
made both in methods and equipment 
employed on undertakings of this na- 
ture, which should result in reduced 
costs in carrying out this project 
(unless offset by rising unit prices due 
to some form of inflation, against 
which there is never any defence on 
any project large or small). 

Aside from the question of the 
adequacy of the official estimates for 
navigation work, there is another ab- 
surdity due to the indiscriminate ap- 
plication by Mr. Jackman of his 
correction factor. Mr. Jackman has 
~not only multiplied legitimate items 
of cost by 21%, but he has also multi- 
plied his errors, for he has made large 
items, included in error, 24% times 
larger than they were originally. 

He has also multiplied by 21%, large 
and readily predictable items such as 
the cost of generating stations proper ; 
by this I mean the buildings and ap- 
paratus, exclusive of the dam and 
main hydraulic works. It is well 
known that generating stations are 
almost invariably constructed at a cost 
that is in reasonable agreement with 
the estimates. 

By these and other means Mr. Jack- 
man contrives to “blow up” the official 
figures for the work in the Interna- 
tional Rapids section to $670 million 
and he says that all this work should 
be charged to power. Mr. Jackman 
assumes that nothing whatever would 
be spent within the Province of Que- 
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bec to complete the navigation link to 
the sea, and, as I have indicated, the 
official figures for the work chargeable 
to power on this basis would lie some- 
where between $59 and $104 million, 
depending upon what sum was paid 
by Ontario to the Federal Government. 
Bear in mind that his figures include 
huge amounts to be spent for naviga- 
tion above the International Rapids 
section, specified by himself and not 
by the Board. To turn Mr. Jackman’s 
own adjectives against him, truly his 
figures are “grossly perverted, absurd 
and grotesque”’. 


GENERAL COMMENTS 


All National Bodies Have Approved 

When evaluating the weight which 
should be given to the official esti- 
mates as compared with some of the 
biased propaganda, do not lose sight 
of the fact that over the years a great 
many national and _ international 
boards have been convened and re- 
convened to study the St. Lawrence 
navigation and power development and 
every one of those official national and 
international bodies has reported in 
favor of the project. An enormous 
amount of data has been accumulated, 
sifted and weighed. It is probably 
safe to say that no project has been 
more exhaustively and painstakingly 
studied by the most qualified persons 
available. 

Remember, too, that while the works 
to be carried out in the International 
Rapids section are of a large order, 
they are not of unusual magnitude 
when compared with recent undertak- 
ings that have been conceived and 
launched while the St. Lawrence pro- 
ject remained under consideration. 
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Nor are the uncertainties of the St. 
Lawrence project greater than other 
large projects which have been suc- 
cessfully completed during the same 
period of time. 


Is the Moment Opportune? 

What interest, you may ask, has The 
Hydro-Electric Power Commission in 
the St. Lawrence project? 


It is quite evident that this develop- 
ment cannot be classed as a war 
measure, for even if it were under- 
taken to-morrow, it would be six or 
seven years before it could become of 
use. Yet the project is persistently 
misrepresented as a war measure 
which, far from helping, would actually 
handicap war work. Since Canada’s 
expenditure during the war would be 
small, this is untrue. As to the after- 
math of the war, by entering into a 
treaty now, there is every reason to 
feel that the project will be of great 
social value as an aid toward the re- 
habilitation of returned soldiers. This 
is a factor of prime importance. 

I want to make it quite clear that 
the Commission is not yet wholly de- 
pendent upon the early development 
of the St. Lawrence for its additional 
power supplies. There are substan- 
tial power resources on the Ottawa 
river which can probably be made 
available more quickly than the St. 
Lawrence, but they involve inter- 
provincial agreements with the Prov- 
ince of Quebec and the purchase by the 
Commission of Quebec’s share of the 
power available from any given site. 

From the point of view of imme- 
diate supplies that might be required 
during the course of a protracted war 
there is one rather important ad- 


vantage which would be secured 
through a St. Lawrence agreement. It 
opens the way to the use at Niagara 
or at DeCew falls of water that can 
now be diverted from the Long Lac 
and that could be diverted from the 
Ogoki within a period of about two 
years. The Ogoki water could also be 
used on the Nipigon. In addition, the 
St. Lawrence agreement would almost 
certainly make available additional 
water for power at Niagara, quite in- 
dependently of these northern diver- 
sions. That water could be used im- 
mediately for the production of addi- 
tional energy from the Commission’s 
existing plants at Niagara by operat- 
ing them more continuously and, when 
needed, it would make possible a 
200,000 horsepower peak power de- 
velopment at DeCew falls or another 
base power development at Niagara 
falls. 


Must Plan for the Future 

What we must know, and must 
know soon, is whether or not the St. 
Lawrence is to go ahead at once. Our 
plans for the next five or six years 
will be very different in the one case 
from the other, and we must have a 
decision that will enable those plans 
to be laid within a very few months. 
This is the crux of the whole situation 
so far as I and my colleagues are 
concerned. 


Negotiations at Ottawa and 
Washington 

Now a word about the negotiations 
at Ottawa and Washington; my part 
in them might easily be misunderstood, 
yet it is very simple. It has been to 
furnish engineering information, to 
help explore possible engineering com- 
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promises essential to agreement, and 
to help reconcile divergent engineering 
and economic views. Any pressure 
from me has been for a decision as 
to whether or not to proceed: never 
for a particular decision, either affirm- 
ative or negative. 


Action When it is Possible 

Notwithstanding all this, there may 
be many people who would question 
the wisdom of inaugurating so great 
an undertaking as the St. Lawrence 
project at this time. That viewpoint 
is understandable, but there are cir- 
cumstances under which action must 
be taken at the time when it is possible 
to take it. 

Where there are four parties to 
any agreement and a fifth that must 
be considered, it may be difficult to 
find a time that is ideally suited to 
all. This project that involves Canada 
and the United States, New York State 
and the Province of Ontario as active 
participants, with Quebec as an in- 
terested one, has been fraught with 
all sorts of difficulty, political and 
otherwise. Where three of the four 
participants are ready, and where the 
fourth believes in the soundness of 
the project, surely the occasion may 
be said to be opportune. If it were 
not for the war we should scarcely 
hesitate; if we wait, other even more 
formidable obstacles may arise. 


Expenditures Above and Below 
Montreal 

I believe the St. Lawrence naviga- 
tion and power project to be sound. I 
believe also that if an expenditure of 
approximately $38 million by Canada 
were needed to remove an obstruction 
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in the way of 35 ft. navigation from 
Quebec to Montreal, it would be forth- 
coming overnight. Since 1925 at 
least $45 million have been spent on 
this channel in addition to $26 million 
previously expended. I believe that 
Canada need have no greater hesita- 
tion about making a $38 million 
expenditure to bring 27 ft. navigation 
from Montreal to lake Superior. 


RESUME 


As a last word let me again remind 
you of the amounts of money in- 
volved according to the official esti- 
mates under the 1932 proposals. The 
Federal Government would be obli- 
gated for navigation works in the 
International Rapids section to the ex- 
tent of only $22 million of which little 
would be spent during the war. Navi- 
gation in Quebec would cost $83 mil- 
lion more, none of which would be 
spent during the war. Thus the total 
cost of work to be done by the Federal 
Government would be $105 million. 
From this sum $67 million con- 
tributed by Ontario in lieu of power 
advantages secured in the Interna- 
tional section must be deducted. This 
leaves a net out-of-pocket cost to the 
taxpayers of Canada of $38 million. 

In addition to the $67 million 
which The Hydro-Electric Power Com- 
mission would pay the Federal Govern- 
ment on behalf of Ontario, the Com- 
mission would expend approximately 
$37 million for its own generat- 
ing stations, making a total of $104 
million of which the $37 million 
would be expended unit by unit as and 
when power needs make it advantage- 
ous to do so, None of this money 
would be secured by taxation. © 
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Again let me point out that all these 
figures neglect any possible effect of 
inflation. 

With these figures firmly in your 
mind, I do not think you will be led far 
astray by those who search for means 
of confusing and distorting the issues 
involved in the St. Lawrence project 
rather than seeking to present the true 
facts and information in proper per- 
spective so that Canadians, interested 
in the general advantages of Canada, 
may safely draw their own conclusions. 

I have studied the St. Lawrence de- 


velopment project very closely over a 
period of twenty-five years. During 
all that time my work and my view- 
point have been closely identified with 
power requirements in Ontario. This 
may unconsciously handicap me in ap- 
praising the project in terms: of the 
general interest of Canada. Be that 
as it may, though I am not an active 
advocate, yet I am satisfied that 
Canada would make no mistake in 
joining with the United States in the 
development of the St. Lawrence river 
for power and navigation. 


Sm 


Grounding Practice In 
Electric Systems 


With Particular Reference To Protection 
From Shock 


By W. P. Dobson, Chief Testing Engineer, 
H. E. P. C. Laboratories, Toronto 


HE primary aim in grounding 
electric power systems is to 
prevent damage to equipment 
and to protect workmen and 

the public against injury from shock. 
Its secondary function is to assist in 
system operation. These aims: some- 
times involve conflicting requirements, 
with the result that practices vary 
considerably depending on individual 
opinions and local conditions. There 
is probably no subject in the electrical 
field which has been productive of a 
greater variety of opinion and prac- 
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tice; while the general principles have 
been thoroughly understood for many 
years, it has not been possible to 
establish general rules not subject to 
exceptions, nor to apply principles 
without the exercise of judgment 
based upon experience. 

A comprehensive review of practice 
is not possible within the bounds of a 
Short discussion; consequently the 
scope of this paper will be limited 
largely to the status of grounding 
practice in Canada. 


GENERAL 
From the point of view of personal 
safety, current is of greater signifi- 
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cance than voltage. In order to pre- 
vent fatalities from electric shock, it 
is necessary that the current through 
the human body does not exceed safe 
limits for a definite period of time. 
This current is fixed by the potential 
difference between the conducting 
parts with which two portions of the 
body may come in contact. Differences 
of potential may exist between parts 
of an electric circuit and metal objects 
in the vicinity or between metal objects 
and the ground, or between the circuit 
and the ground, and it is these values 
which constitute the lurking danger 
and are thus more important than the 
absolute potential of the circuit. 

It is important to distinguish be- 
tween two conditions which may pro- 
duce a hazard. Differences of potential 
may exist between conductors insulat- 
ed from one another, the values of 
which depend upon the charges on the 
conductors and the electrostatic capa- 
city between them. Differences of 
potential may also exist between points 
of an electric system in which current 
is flowing. In this case the potential 
difference is determined from the cur- 
rent flow and the impedance between 
the points. 

In order that an accident may occur, 
the following conditions must be satis- 
fied: 

(a) Exposed metal surfaces must 
be raised to a dangerous potential; 
this is usually caused by a failure in 
the insulation of the system or of 
equipment connected to it. 

(b) A person must touch this ex- 
posed metal surface and at the same 
time make contact with the ground or 
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with some other conducting surface at 
ground potential. 


(c) The protective measures (fuses 
or circuit breakers) must have failed 
to function. 


These conditions seldom occur simul- 
taneously, and consequently the num- 
ber of fatal accidents caused by elec- 
tricity is extremely low having regard 
to the number of users of electricity. 


In order to prevent fatal accidents, 
it is thus necessary that the conditions 
mentioned above do not occur simul- 
taneously. To prevent this occurrence 
insulating materials on the system 
must be maintained in a good state of 
repair. They must be installed in such 
a manner that the chance of failure 
may be reduced to the minimum and 
the necessary protective measures 
must be taken to prevent the appear- 
ance of dangerous voltages on exposed 
metal surfaces. As a further safe- 
guard means must be provided, should 
such voltages occur, for reducing the 
possibility that a current of danger- 
ous magnitude can pass through the 
body. of any person who may touch 
such an exposed surface. 


A full. discussion of the effect of 
electric shock on the human body 
would be impossible here for reasons 
of spatial economy alone, quite aside 
from the fact that it is an extremely 
hazardous field for a layman to enter. 
However, it may be of interest to 
quote some results obtained by investi- 
gators and to refer to values which 
have been incorporated in regulations. 
It will emphasize the great differences 
of opinion existing among authorities 
and illustrate the difficulties which face 
utilities in deciding upon practice, and 
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electrical authorities in framing regu- 
lations which will protect the public 
without working hardship by unduly 
increasing the cost of installation. 


The passage of electric current 
through the human body causes 
paralysis of the higher nerve centres 
resulting in cessation of breathing, 
preventing normal reflex response and 
causing lack of tone of the blood ves- 
sels. The heart may be thrown into 
ventricular fibrillation, which is a dis- 
ruption of normal heart action in 
which the heart appears to quiver 
rather than to beat. 


Many investigations have been made 
using both animals and human beings 
as test media, and there is a large 
body of opinion to the effect that cur- 
rents 10 to 20 milliamperes in magni- 
tude may be endured for short inter- 
vals (less than one second) by normal 
human beings without dangerous con- 
sequences. Individual opinions, how- 
ever, set this value as low as .3 to .4 
milliamperes, while others estimate 
that the minimum current which can 
be perceived is approximately one 
milliampere. Other authorities have 
investigated the current required to 
cause ventricular fibrillation which 
they hold will always cause death, 
claiming that normal heart action can- 
not be restored if fibrillation occurs. 
The threshold of fibrillation is given 
by these authorities as about 100 
milliamperes. 


The time of occurrence of shock is 
an important factor; it appears to be 
accepted that if this occurs during a 
certain portion of the heart cycle 
(occupying about 20 per cent of the 
total period) much lower currents will 


be dangerous than if contact is made 
at another instant in the heart cycle. 

The frequency of the shock current 
is also claimed to have an important 
bearing. One authority states that 
the threshold of fibrillation at 25 
cycles is 25 per cent higher than at 60 
cycles and at direct current five times 
as great as at 60 cycles. For shocks 
of short duration (.1 second or less) 
the effect of frequency is less marked. 

It is important to note that the 
duration of the current, as well as its 
actual value, is an essential factor. 
This is recognized in the regulations 
of the National Electrical Safety Code 
respecting Electric Fences in which 
values of milliampere-seconds are in- 
corporated. This Code limits the 
leakage current to 8 milliamperes in 
fence controllers of the continuous 
type. In Germany the maximum leak- 
age current permitted is .85 milliam- 
peres and in Switzerland .4 milliam- 
The Canadian Electrical Code 
radio re- 


pere. 
specification for a.c.-d.c. 
ceivers sets a limit of 1.5 milliam- 
peres for the leakage current from 
exposed metal parts to ground. (All 
these values apply to normal operating 
frequency.) The Verband Deutscher 
Elektrotechniker rules (German) state 
that condensers for protection against 
shock must not permit leakage greater 
than .4 milliampere when installed 


during factory construction and .8 


milliampere if added subsequently. 
The setting of values is sometimes 


complicated by conflicting require- 


ments of regulations, for example, 
those governing radio interference 
may conceivably permit leakage cur- 
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rents beyond the values which some 
authorities regard as dangerous. 


It is thus apparent that much re- 
search is still necessary in this field, 
and in the meantime practice and regu- 
lations should follow conservative 
lines and provide adequate factors of 
safety. 


SYSTEM OF GROUNDING 

The limits of the paper prescribed 
above necessitate a treatment particu- 
larly of distribution systems and cir- 
cuits and of equipment on consumers’ 
premises or on networks to which the 
public may be exposed. The primary 
purpose of grounding transmission 
systems is to protect equipment; the 
voltages are so high that they cannot 
-be reduced to safe values by ground- 
ing, and structures and circuits are 
usually out of reach of the public so 
that the danger of accidental contact 
is small. Primary distribution sys- 
tems (so-called) in many cases are 
scarcely distinguishable from trans- 
mission systems since voltages are 
frequently as high as 12,000. How- 
ever, since these extend along public 
highways the danger to the public is 
greater than in transmission systems, 
and grounding practice is directed to- 
wards the protection both of persons 
and of equipment. Secondary distri- 
bution systems extend to customers’ 
premises, and the primary object in 
grounding is here the protection of 
persons. 


The trend in practice, at least in the 
United States and Canada, is towards 
grounded systems. While some trans- 
Mission systems, and a few distribu- 
tion systems, operate ungrounded the 
great majority employ star-connected 


APRIL, 1940 


transformers with the neutral ground- 
ed. The majority of these systems 
are 2300-4000 volt, 4-wire. In Ontario, 
two other voltages are used, namely, 
4600-8000, 6900-12000 and all exten- 
sions in rural areas make use of one 
of these three voltage ranges. 


A variation of the grounded neutral 
system is the so-called “Hood” system 
which had its birthplace in Toronto. 
In this the primary and secondary 
neutral points are connected to a com- 
mon wire. This system is universally 
used in Ontario for extensions. 


From the very nature of these net- 
works grounding is essential. The 
present practice is to ground the 
neutral wire at all transformer and 
lightning arrester locations and at all 
services. There is considerable di- 
versity in practice as far as the 
grounding of exposed metal parts is 
concerned and this will be discussed 
later in the paper. 


In the grounding of low voltage dis- 
tribution systems the practice is 
governed by safety code regulations in 
so far as customers’ premises are con- 
cerned. The Canadian Electrical Code 
contains detailed rules on this subject 
and specifies the grounding of certain 
wires depending upon the type of net- 
work (single phase or polyphase) and 
the voltage of the system. In general, 
these rules require the grounding of 
the neutral conductor or the neutral 
point of the transformer secondary, 
or if no neutral is used the conductor 
which will establish the lowest maxi- 
mum voltage to ground. The above 
applies to circuits having a maximum 
difference of potentials between con- 
ductors to be grounded and other por- 
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tions of the circuit, of 150 volts. The 
Code also recommends strongly that 
all system neutrals be solidly inter- 
connected throughout the system (See 
Canadian Electrical Code, Fourth Edi- 
tion, 1939, Rule 902 (a).) The neutrals 
of direct current, three-wire systems 
must also be grounded but this con- 
nection must be made at supply sta- 
tions only and not on consumers’ 
premises. The primary reason for this 
is that multiple grounds on direct cur- 
rent systems may aggravate troubles 
caused by electrolysis. Further, direct 
current systems are frequently run 
underground and in any case not ex- 
posed to public contact to the same 
extent as alternating current systems. 

The Code also permits inspection 
authorities to waive ground require- 
ments if it is impracticable to obtain 
the resistance to ground required by 
the Code. 


GROUNDING NON-CURRENT-CARRYING 
METAL PARTS 


The grounding of non-current-carry- 
ing metal parts presents many prob- 
lems in which local conditions are of 
great importance. Practice which may 
be satisfactory in some cases may be 
hazardous in others and each case 
should be studied with this in mind. 
The difficulties consist in harmonizing 
operating with safety requirements. 
The result has been a wide diversity 
in details of practice depending upon 
the relative weight attached to these 
two factors. It is not implied here 
that the personal safety factor is 
neglected in any case, but there is 
often a sharp difference of opinion as 
to the extent of the hazard involved. 
Two essential factors which must be 


considered are the magnitude of the 
potentials and currents and the dura- 
tion of exposure. 


Non-current-carrying metal parts 
may acquire potentials in several 
ways, each of which is responsible for 
exposures of different durations: 

1. Induction between circuits may 
be responsible for voltages of varying 
magnitudes which endure as long as 
the circuits are “alive” and are thus 
continuous hazards. 

2. Leakage through insulation, 
probably the most common cause. 

3. Lightning either by indirect 
stroke or direct stroke. 

4. Flashover from energized circuits 
or contact with energized wires. 


In considering grounding problems 
the potential gradient, as mentioned 
above, is most important and if not 
duly considered serious hazards may 
be introduced by ground connections 
apparently satisfactory. In all types © 
of ground connections, the voltage 
gradient is higher near the connection 
than at distant points and accidents 
have been caused by contact with 
ground electrodes in which the differ- 
ence of potential has been beyond safe 
limits. Bonding of neighboring ex- 
posed mnon-current-carrying metal 
parts is often effective in reducing 
these potentials. 

Stations 

While this is beyond the scope of the 
paper, the value of station ground 
resistance is often of importance in 
reducing hazards in distant parts of 
the network. This, however, is usually 
taken care of adequately by utilities 
both for operating reasons and for the 
protection of workmen in stations. 
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Overhead Structures 

All overhead lines and structures are 
potential sources of hazard as the 
general public is exposed to many por- 
tions of overhead systems. The diffi- 
culty is increased because the location 
of these lines is governed by load de- 
ma..d rather than the possibility of 
obtaining ground connections of low 
resistance. 


Underground Structures 

From the point of view of safety to 
workmen grounding should be an ad- 
vantage because of the great oppor- 
tunity of making good contact with 
ungrounded parts such as_ cable 
sheaths, etc. and the earth grounding 
is often supplemented by bonding 
where low resistances to ground are 
possible. On the other hand, it may, 
as mentioned above, increase electro- 
lysis troubles. 


Pole Hardware 

There is considerable diversity of 
practice in the grounding of pole hard- 
ware. Some engineers favor the 
grounding of metal insulator pins, 
switch handles, transformer cases, 
braces, etc. to the neutral and to a 
common ground; others object to 
grounding certain hardware claiming 
that operating difficulties are intro- 
- duced. 

The bonding of metal parts on pole 
tops at transformer locations estab- 
lishes a common potential for these 
parts but hazards to workmen may be 
introduced if adequate clearances are 
not maintained from live parts. The 
connection to ground is very important 
and reliance should not be placed on 
a single grounding conductor, at least 
two should extend down the pole and 
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these should be guarded from mechani- 
cal injury so1as to minimize the chance 
of a broken connection between the 
grounded metal and the earth. 


Consumers’ Premises 

The primary object here is to protect 
persons from shock by limiting the 
voltage to ground to safe values. 
Grounding regulations play a govern- 
ing role and a review of these is neces- 
sary to lend clarity to the discussion. 


It should be stated that the two 
Codes in force in North America, 
namely, the National Electrical Code 
and the Canadian Electrical Code are 
not in complete agreement although in 
general principles they are in accord. 
The same may be said of Codes in 
Great Britain, the Continent, New 
Zealand and Australia, and a perusal 
of these indicates the necessity of con- 
sidering local conditions rather than 
applying general principles univer- 
sally. 

The definition of grounded given in 
the Canadian Electrical Code is a very 
clear and concise statement of the re- 
quirements applicable in this case and 
is quoted below: 

“Grounded: Connected effectually with 
the general mass of the earth 
through a grounding system having 
current-carrying capacity sufficient 
at all times, under the most severe 
conditions which are liable to arise 
in practice, to prevent any current 
in the grounding conductor from 
causing a harmful voltage to exist: 
1. Between the grounded conduc- 

tors and neighboring exposed 
conducting surfaces which are in 
good contact with the earth, or 
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2. Between the grounded conduc- 
tors and neighboring surfaces of 
the earth itself.” 

The Canadian Electrical Code, in 
general, requires the grounding of all 
such parts operating at potentials 
greater than 150 volts to ground. 
Grounding is also required at any 
potential if conditions are “extraordi- 
nary.” By this is meant where danger 
from mechanical injury, excessive 
moisture or extreme temperature is 
present in ordinary dwellings, offices, 
factories, etc. and where danger from 
corrosive, flammable or explosive at- 
mospheres exists. 

The Code also requires the ground- 
ing of the non-current-carrying metal 
parts of certain portable appliances, 
and in the last edition a list of about 
fifty is given which may be revised 
from time to time as necessitated by 
field experience or by new equipment 
appearing on the market. Portable 
appliances must be grounded by a 
flexible supply cord containing an extra 
grounding conductor. These require- 
ments also include the exposed non- 
current-carrying metal parts of lamp 
holders, switches, plugs and receptacles 
installed in basements and in all damp 
places where danger from shock is 
likely to be present, also of non- 
portable cooking and heating appli- 
ances for all voltages. 


The Code recognizes the impractica- 
bility of securing adequate grounding 
in certain cases and provides for al- 
ternatives, such as, insulation, isola- 
tion and guarding, and operation at 
low voltage. 


For example, metal guards of exten- 
sion cord lamps, which are used fre- 


quently under “extraordinary” condi- 
tions need not be grounded if they are 
thoroughly insulated from live parts. 
It is recommended that portable lamps 
and portable tools used in conductive 
locations in industrial establishments 
be supplied at low voltage (not higher 
than 32 volts) through a transformer 
having a separate secondary winding, 
in which casé grounding is not re- 
quired. 

It is difficult to ground domestic 
washing machines, and the Code pro- 
vides for safety by requiring that the 
motor be guarded, and mounted on 
supports which insulate it from the 
metal frame of the machine. 


Isolation and guarding applies to 
equipment such as_ instruments, 
meters, relays, etc. in cases where the 
potential is between 150 and 750 volts, 
and the metal parts are made inacces- 
sible to unauthorized persons by ele- 
vation or other means. Further, in- 
struments operating at 750 volts and 
over are required to be isolated and 
guarded in addition to having non- 
current-carrying metal parts ground- 
ed. 

It may thus be said that while the 
Canadian Electrical Code stipulates 
grounding as the usual method to be 
employed to secure personal safety, it 
recognizes practical difficulties which 
may arise and provides reasonable al- 
ternatives. 


The Canadian Electrical Code also 
discusses in detail methods of ground- 
ing. Metal frames on_ stationary 
equipment are usually conveniently 
grounded through the wiring system, 
as the rigid or flexible conduit or the 
armor of armored cable affords a 
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metallic path to ground. Non-metallic- 
sheathed cable now may have a 
grounding wire incorporated in it. For 
portable equipment, flexible supply 
cords are now available having a 
grounding conductor forming part of 
the cord assembly. Polarized re- 
ceptacles are necessary to meet this 
requirement and this will no doubt 
present a problem particularly in the 
older installations. 

Difficulties in the domestic field also 
arise, caused by the multiplicity of 
portable appliances such as electric 
razors, massage equipment, electro- 
therapy devices, etc., continually ap- 
pearing on the market, which may be 
used where moisture is present and 
where grounded metal parts may 
readily be touched. It has not been 
deemed practicable to require the 
grounding of such devices. The Code, 
however, recognizes the bathroom as 
a location offering conditions conducive 
to accidents and attempts to remove 
the hazards by prohibiting the installa- 
tion of receptacles there. 

This rule was inserted in the 1930 
edition, and it may be of interest to 
note that since then three fatalities in 
bath tubs have been reported in On- 
tario as compared with eight during 
11 years previous to 1930. While these 
figures may not be correlated with the 
change in the rule, it is believed they 
have some significance. Attempts 


have been made to remove this rule 
but electrical inspection .authorities 
having continually in their minds the 
ingenuity displayed by the public in 
the misuse of electrical appliances, 
have steadfastly opposed these at- 
tempts. 

Perhaps the only electrical appliance 
in extensive use outside of certain 
prisons, designed for the sole purpose 
of giving electric shocks, is the electric 
fence. Its use in the United States has 
reached such proportions that adminis- 
trative bodies in certain States, the 
Underwriters’ Laboratories and the 
Bureau of Standards have prepared 
specifications governing its construc- 
tion and test. This device by its nature 
relies for its effectiveness on the leak- 
age current to ground. It is thus 
somewhat similar to devices equipped 
with means for  radio-interference 
suppression—the leakage current must 
be sufficient to accomplish its purpose, 
but must not exceed safe values. At 
first sight it would appear to be a 
prolific source of accident, but al- 
though it has been responsible for 
fatalities, sufficient operating data 
have perhaps not been obtained to 
justify positive statements as to the 
hazards involved. The device is not 
recognized in the Canadian Electrical 
Code although the type operated by a 
battery is accepted in some provinces. 

(To be continued) 
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Lighting for Learning 


By George G. Cousins, Supervising Lighting Engineer, 
The Hydro-Electric Power Commission of Ontario 


(Continued from March) 

ARTIFICIAL LIGHTING REQUIREMENTS 

The lighting of classrooms has 
received a great deal of scientific 
study that has resulted in the re- 
quirements being thoroughly estab- 
lished. 
a system that does not conform to 
The two 
types of lighting that are usually 


It is therefore folly to install 


these known requirements. 


used are the indirect and the semi- 
direct. The former is the preferred 
type as it is substantially free from 
glare, practically shadowless, and 
the most comfortable for the eyes. It 
must be used with a good reflecting 
ceiling, and its fixtures must be 
cleaned frequently. The semi-direct 
lighting is slightly lower in first cost 
At best, it is 


not entirely free from glare. Its chief 


and operating cost. 


claim for consideration is its lower 
initial cost, but when it is carefully 
planned the glare is kept at a toler- 
able level and it is fairly satisfactory. 
Groups 1 and 2 of Plate 2, Fig. 9, 
illustrate several styles of indirect 
lighting fixtures, and Group 4, the 
All of the fixtures 


of any one group produce substanti- 


semi-direct styles. 


ally the same quality of lighting. 
The selection of the correct fixture 


is of great importance as the success 
of the lighting depends upon it to a 
very great extent. It must have the 
proper light distributing characteris- 
tics, be highly efficient, and be cap- 
able of being easily cleaned. White 
glass enclosing units for semi-direct 
lighting should be of the proper size 
and shape, otherwise glare may be 
excessive and the light not properly 
distributed. Much engineering skill 
has been put into the design of good 
lighting equipment, and a few dollars 
saved on the first cost may represent 
many years’ loss through inefficiency 
in lighting. The appearance or shape 
of a lighting unit is not a reliable in- 
dication of its suitability for any re- 
quirement, particularly to the layman. 
The only method of determining the 
lighting characteristics of a fixture 
is by a laboratory test. The only 
sound method of making a correct 
selection is to follow the advice of a 
competent lighting engineer. 

The normal-sized classroom re- 
quires six lighting fixtures for desk 
lighting, less than this will result in 
unequal distribution of lighting. The 
spacing should not exceed 10 feet 
and the height will depend upon the 
characteristics of the unit. 
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Fig. 10—Windows and doors in direct line of viston to the blackboard cause 
objectionable glare that interferes with vision. 


GLARE 

Glare appears in many forms. Some 
forms cause discomfort, some annoy- 
ance, and some are not recognized 
but affect the individual in the form 
of eye fatigue. The most common 
effect of glare is to reduce visibility. 
Blackboard glare has been mentioned. 
Windows beyond the blackboard, as 
shown on Figs. 6 and 10, may not pro- 
duce immediate discomfort but will 
produce eye fatigue. The most vicious 
forms are exposed unshielded lamps 
and bright spots on lighting units. 
There is no excuse for the first, and 
the second can easily be avoided by 
proper lighting units. 

The presence of glare reduces the 
effectiveness of the illumination. For 
instance, a 100-watt lamp at different 
angles from the line of vision pro- 
duces the equivalent of waste of il- 
lumination, as follows: 


at 4.0? from Sines cievisiOlee «cme 6 
10; se #6 “< ‘< 
20° ‘6 ‘“ ‘“ Ve date en as 
40° wt “6 ‘<< pa ae 


(Data from Dr. M. Luckiesh) 


The elimination of glare is as 
necessary as the provision of ade- 
quate intensity. 


AUTOMATIC CONTROL 

The best lighting system will yield 
no benefits unless it is used. It is 
unfortunate in one sense that eyes 
adapt themselves so well to changing 
Because of this, daylight 
may drop to a value far below that 
at which artificial lighting should be 
turned on without one being consci- 
ous of it. It is only when the strain 
begins to tell that one realizes that 
the lighting is exceedingly low. 
Added to this is the fact that teachers 
may not be engaged in severe visual 
tasks and may fail to notice the need 
for artificial lighting. It is thus ob- 
vious that manual operation is not 
likely to be reliable at all times. In 
one school where a record was made 
in adjacent rooms it was found that 
an automatic control set to turn the 
lights on when daylight dropped to 


conditions. 
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12 foot-candles on desks farthest 
from the windows operated the lights 
for about three times as many hours 
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per day as the manual control in the 
next room. 

The operation of automatic control 
depends upon local conditions. Where 
there is a really good sky exposure, 
with large windows, 'the control may 
operate the lights farthest from the 
windows when the daylight falls to 
15 foot-candles. Under less favor- 
able conditions it would be better to 
leave the inner row of each room on 
the one side of the school on all day 
and operate ‘tthe outer row by auto- 
matic control. One automatic control 
is usually sufficient for all of the 
rooms on one side of a school, as 
they are all exposed to the same day- 
light conditions. 

If manual control is to be relied 
upon the teachers should be instruct- 
ed in the use of the artificial lighting 
system and instructed to use it. 


WINDOW SHADES 


Window shades are not actually 
part of a lighting system, but they 
play a very important part in a seeing 
system. Their primary purpose is tto 
prevent glare from direct sunlight. 
They should be used for this and for 
nothing else. Practically all the day- 
light that reaches the desks in the 
far side of the room comes through 
the upper halves of the windows, and 
when the upper halves are shaded it 
reduces the lighting on the farther 
desks to from 1/4 to 1/10 of its former 
low value, thus further penalizing the 
pupils that are already heavily handi- 
capped. 

There are several types of window 
shades, the most commonly used of 
which are roller and venetian blinds. 
The latter are more flexible in 
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Fig. 11—Window blinds on the shady 

side of schools covering one-half or 

more of the most valuable portion of 

the window area — an inexcusable 
practice. 


use and may possess some slight 
light distributing charactéristics. 
Roller blinds commonly used are of 
heavy opaque material that com- 
pletely absorbs the light that they 
intercept. White translucent mate- 
rial is much better as it transmits and 
diffuses some of the light instead of 
absorbing all of it. Some roller 
blinds are mounted so that they may 
cover part of the window and the 
whole blind, roller and all, be moved 
up or down. This is an advantage as 
the sun enters at different angles of 
elevation at different times of the 
year and this can be compensated 
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for. Another good method is to 
mount two roller blinds midway be- 
tween the top and bottom of the 
window, the upper one to be unrolled 
toward the top, and the lower one 
toward the bottom as required to suit 
conditions. 

The correct use of window shades 
is very important, and _ teachers 
should be instructed regarding the 
correct method. ‘There is no justifi- 
cation whatever for covering the 
upper parts of windows on cloudy 
days or on the shady side of the 
buildings, see Fig. 11. This might 
also apply to fancy window trim- 
mings, except for special occasions. 
The handicapped children farthest 
from the windows are the ones that 
suffer. A large percentage of the 
roller blinds in classrooms are in 
bad mechanical condition, and this 
may be a contributing cause of the 
lack of proper use. They are useful 
when properly used, but decidedly 
detrimental if not. 


WIRING 

Inadequate wiring is the weak link 
in the chain of facilities for the im- 
provement of seeing through light- 
ing. The Electrical Code is based 
only upon protection from fire 
hazard; in other words, it prohibits 
wire being used that may get hot 
enough, because of inadequate capa- 
city, to set fire to a building. A wir- 
ing system may comply with the Code 
requirements and still be inadequate 
for good lighting because of the loss 
of power in the wire itself. 

Our wiring recommendations spec- 
ify a minimum of No.12B & S gauge 
wire for branch circuits, although 


No. 14 gauge will often satisfy the 
requirements of the Code. Four hun- 
dred hours represents about 35 per 
cent of the annual school hours (day 
classes). For every 1500 watts 
burned for 400 hours No. 14 wire may 
waste as much as $15.00 worth of the 
power that flows through the meter 
at 2c per kw-hr. that produces heat 
in the wiring instead of light in the 
lamps. The adequate system will 
cost. about 1/3 more than _ the 
skimped system, but the former 
will contain heavy-duty switches 
which will last as long as _ the 
wiring and other details in pro- 
portion, while the skimped system 
will be skimped to the irreducible 
minimum. The switches will require 
replacement frequently, the wattage 
capacity will be the minimum, and 
the circuits will be as few as possible, 
with the result that all of the lamps 
in one room would be burning at one 
time whether they are all needed or 
not. Under average conditions the 
extra cost for an adequate system 
would be recovered in a year or two. 


WINDOWS 
There should be no windows or 
openings beyond the _ blackboard 


through which the outdoors may be 
seen, aS this is a very serious source 
of glare. Where such openings exist 
they should be permanently painted 
or blocked so that no light can shine 
through them. Figs. 5 and 9 show 
some examples of this form of glare. 
The enormous contrast between the 
brightness of the window opening 
and the dark blackboard renders the 
writing on the blackboard very diffi- 
cult to see and the eyes suffer in the 
attempt. 
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Windows at the right side of a 


room are of very doubtful value. In 
addition to causing cross-lighting 
with annoying shadows they also re- 
sult in blackboard glare from both 
sides of the room, thus handicapping 
twice as many pupils. 

Rear windows, unless the upper 
halves are shaded, usually spread 
glare over the entire blackboard, and 
if they are shaded the light that 
enters is practically useless. There 
is very little to be gained by rear 
windows and much to be gained by 
eliminating them. 


CONCLUSIONS 


The school with all its organiza- 
tion and facilities is built upon the 
needs of children, for their prepara- 
tion for the serious phases of life; 
and since the success of all this ex- 
penditure of time, money, and human 
energy depends, preponderantly, upon 
the effective use of the sense of sight 
as a channel through which impres- 
sions flow that are converted into 
knowledge, it seems logical that 
every consideration would be given 
tv. those factors that affect the abil- 
ity of children to see clearly, easily, 
and without avoidable strain. On 
the contrary, there is a more or less 
general readiness to grasp at any ex- 
cuse for not meeting this issue fairly, 
apparently because lighting is looked 
upon as an overhead expense instead 
of the most valuable means of re- 
ducing retardation. It has been 
established beyond question that 
good lighting decreases the number 
of repeaters to about one-third of the 
number that fail in poorly lighted 
rooms. Furthermore, progress under 


APRIL, 1940 


good lighting is more rapid than 
under poor lighting. Every item of 
knowledge gained is a _ stone in 
the foundation of an education. To- 
morrow’s lessons are built upon the 
knowledge gained today. If, because 
of inability to see clearly, items of 
knowledge are missed, the whole 
structure becomes weak. 

The cost of prevailing lighting per 
pupil per year varies according to 
local conditions and equipment, but 
records that are available show it is 
considerably less than $1.00. The total 
cost of education per pupil per year 
will probably be between $100.00 and 
$150.00 for urban and high schools, 
and $50.00 to $90.00 for rural schools. 
Poor lighting may cost approximately 
$1.00 per pupil per year. Good light- 
ing in accordance with the Depart- 
ment of Education requirements may 
be had for about $3.00 per pupil per 
year. If good lighting will result in 
only one pupil passing who would 
otherwise have been a repeater, the 
money will have been profitably spent. 

Records have shown that many of 
the eye defects develop in childhood. 
These require spectacles for correc- 
tion, although many children who 
should wear glasses do not do so. 
Fifteen dollars for examination and 
glasses is a fair average value. Thus, 
one pair of glasses would pay for 
good lighting for the child for five 
years. Where records have been kept 
of the results of good lighting it has 
been found that the better lighting 
has more than paid for itself. 

So far only the monetary aspects 
have been presented. But what about 
the humanitarian aspect? Glasses 
are obviously a handicap in the 
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Fig. 12—Luminous indirect lighting (fixtures from group 2, plate 2, Fig. 9). 
Prismatic blackboard lighting. (Photograph from Northern Electric Company). 


broad sense, as they restrict the play 
activities of a child, and in later 
life they become a positive nuisance, 
although necessary, as well as affect 
the career of the then adult. Eye 
fatigue has a very definite effect 
upon an individual’s health which in 
turn adversely affects his or her 
capacity for accomplishment. It is 
not inferred that all eye defects are 
the result of poor lighting, but the 
records of eye examinations in pro- 
gressively higher grades is certainly 
sufficient to point to faulty lighting 
as a major contributing cause. 


Most of the difficulties of seeing 
are directly related to lighting, and 


since little or nothing can be done 
to improve the utilization of daylight 
the only alternative is the use of 
artificial lighting which can be con- 
trolled to suit any practical require- 
ment. 


It is strange but true that the 
recommendations of men whose life’s 
work is lighting, and who have had 
many years of experience in study- 
ing and planning lighting for schools, 
are ignored by many School Boards 
in favor of the off-hand statements 
of wiremen who have given the sub- 
ject no direct thought. This has 
resulted in a great deal of dissatis- 
faction and loss of both money and 
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Fig. 13—Semi-direct lighting (fixtures from group 4, plate 2, Fig. 9). Elliptical 
angle blackboard reflectors. 


time in having the obvious defects 
corrected. It costs nothing to have 
lighting properly planned, and it is 
false economy to stint on the initial 
cost when many generations of chil- 
dren will have to endure the penal- 
ties of poor lighting. 

Many factors influence the seeing 
conditions in classrooms. A relatively 
small intensity of glare may nullify 
the merits of the best lighting sys- 
tem. Each factor should receive 


careful consideration, as only by mak- 
ing full use of every aid to vision 
will the most beneficial results be 
obtained. 

In schools without adequate light- 
ing equality of opportunity amongst 
the pupils in various parts of a room 
is utterly impossible. A good light- 
ing system will render the teacher 
and pupils independent of the un- 
certainties of daylight and provide 
good seeing conditions for all. 
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Convention Question Box 


URING the O.M.E.A. and 
A.M.E.U. convention at 
Toronto on February 7th 
and 8th, a part of one ses- 
sion was given over to answering cer- 
tain questions that had been circu- 
lated previously. Space does not per- 
mit giving the verbatim discussion on 
the questions, so instead we are out- 
lining below the points brought out. 
Their publication does not imply the 
concurrence of The Bulletin in all the 
opinions expressed.—Editor. 


Question :— 

1. What is the effect of unbalanced 
load on secondary voltage of two 
transformers with secondaries in 
series serving a 3-wire 115-230 volt 
lighting load? 


Answer :— 

Where two transformers are con- 
nected in series the effect of unbal- 
anced load is simply a reduction in 
voltage on that side of the neutral 
having the greater load, due to the 
load itself, and not, as in the case of 
the 3-wire transformer, when the op- 
posite side is affected also. The effect 
is less where there are two transform- 
ers in series than where a trans- 
former is connected 3-wire. 

With two transformers in series 
the inherent reactance will be changed 
slightly from that of one transformer 
due to extra length of wire joining 
the transformers together. This plus 
the small difference in voltage regula- 
tion between small and large trans- 
formers will cause a slight difference 
in the unbalance where two trans- 


formers are used or only one; other- 
wise the effect would be the same. 


Question :— 

2. To what extent are municipalities 
making use of the socket type out- 
door meter, and what are the ob- 
servations of those who have made 
use of them? 


Answer :— 

Some of the municipalities have 
been installing socket type, outdoor 
meters for periods extending over 
three years. They report the opera- 
tion of such meters entirely satisfac- 
tory, with no failures. The placing 
of the meter outdoors makes it more 
accessible, especially where it was 
formerly in the attic. The outside lo- 
cation also removes the necessity of 
the meter reader making a second 
visit on account of finding no one 
at home on his regular call. Outdoor 
meters are supplied with standard 
bases generally, which permits the 
interchange of meters of different 
manufacture. Some municipalities 
supply the bases to the wiring con- 
tractors free, while others make a 
charge covering a part of their cost. 
The service wiring inside the house 
is usually run into the basement to 
permit the installation of fuses there 
and also flat-rate water heaters. 


Question :— 

3. Is it good practice to connect a 
three phase transformer bank feed- 
ing both single phase and three 
phase load, star to star; if not, why 
not?. 
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Answer :— 

Generally speaking, it is not good 
practice to connect three-phase trans- 
former banks star to star, whether 
for lighting load, or power load, or 
both. That is because of the third 
harmonic current which circulates in 
the winding, reducing the capacity 
of the transformers, in the first place, 
and also creating a circulating cur- 
rent in the system, which sometimes 
causes telephone interference. This 
is particularly true where there are 
large transformers and long connect- 
ing lines between them. 

In some cases where the trans- 
former installation is small, supply- 
ing power and lighting at 120-208 
volts it would be good practice since 
the third harmonic current would be 
very small compared with tthe line 
current. It is important that only 
modern transformers with low mag- 
netizing current be used in such in- 
stallations. 


Question :-— 

4. Do you think this Association 
would be justified in setting up an 
arrangement similar to the Water 
Works Information Exchange? 


Answer :— 

The Waterworks Association draws 
its members from the various water- 
works systems, each of which is a 
complete unit within itself. By the 
Waterworks Exchange the members 
have established a central agency 
where all kinds of data regarding the 
practices of the members are collect- 
ed and given out. The Hydro utili- 
ties, however, although independent 
units, have a central agency in The 
Hydro-Electric Power Commission of 
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Ontario which goes to a great deal 
of trouble compiling exhaustive in- 
formation relative to every municipal 
utility. Also the Commission’s tele- 
phone system gives a means of direct 
communication with the Commission 
and among the utilities, so that 
answers may be obtained very quick- 
ly. On account of the difference in 
the organization of the Waterworks 
Association and of the Hydro, where 
the Waterworks Exchange is very 
necessary, there is no advantage in 
establishing a similar exchange in the 
Hydro set-up. 


Question :— 

5. What regulation has your commis- 
sion with regard to the placing of 
radio aerial wires over electric ser- 
vices from the pole to the building? 
Is there a need for any regulation? 


Answer :— 

The discussion showed that there 
have been serious accidents from 
stringing aerial wires over electric 
distribution lines, and that in some 
municipalities local regulations have 
been passed forbidding the practice. 
Where permission is asked to attach 
aerials to distribution poles it should 
be refused, and while those who know 
what they are doing will keep their 
aerials as far away from a.ce. lines as 
possible, the line superintendent could 
have dangerous conditions that he 
may find removed. Probably it is a 
matter of education beginning at the 
public school. 


Question :-— 

6. “Lamp Efficiency, versus Customer 
Satisfaction”,—In spite of all ex- 
planations, the public appears to 
be more concerned with the life of 
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lamps than the efficiency, and the 
public questions the quality of the 
manufacturers’ product and the 
Hydro supplied. 


Answer :— 

Possibly there have been complaints 
about the life of lamps, and some 
manufacturers in an effort to meet 
competition with long life lamps may 
have been selling higher voltage 
lamps thus sacrificing efficiency. 

The rated life of Hydro lamps is 
well known throughout the whole sys- 
tem and there has been no departure 
from the standard of quality that has 
been followed from the beginning. 
From time to time there have been 
improvements in efficiency without 
the sacrifice of life. There has been 
no lowering of the quality of Hydro 
lamps. Hydro lamp sales records do 
not indicate any lack of public ap- 
proval. Attention is directed to the 
fact that proper voltage is necessary 
for the most satisfactory operation of 
lamps. An increase of 5 per cent over 
the rated voltage of the lamps will 
reduce the life to approximately one- 
half of its rated life. 


Question :— 

7. Should the conditions of employ- 
ment of operating and construc- 
tion staffs of the various municipal 
commissions be standardized for 
the different sizes and types of 
municipal systems in the different 
sections of the province, especially 
in regard to qualification of per- 
sonnel, hours of work, sick leave, 
vacations with pay, etc.? 


Answer :— 


The reply to this question was 
“No”. To attempt to do so would 


usurp the powers of the local commis- 
sions who should be the best judges 
of what is necessary to be done in 
their municipalities. That any at- 
tempt to do this would meet with 
many difficulties and cause disputes, 
confusion and no end of trouble for 
all parties concerned. That the ma- 
jority of the commissions want to be 
fair in their dealings with their em- 
ployees. 


Question: — 

8. What experience have members 
had with the use of the recent 
self-protecting transformer? Is it 
safe practice to forego the use of 
door type cut-outs on any pole-type 
transformer installation? 


Answer :— 

Two installations, each of three 25 
kv-a. C.S.P. transformers in banks 
were made in London and their opera- 
tion studied. The idea was to find 
out if more work could be got out of 
a transformer. Taking into account 
load factors, air temperatures and the 
human factor, the transformers might 
not be loaded sufficiently and the use 
of clip-on ammeter, demand meters, 
cr graphic meters does not supply the 
whole answer. Possibly the C.S.P. 
transformer would get nearer to the 
truth and the little red light might 
do a real job, also that the secondary 
breaker might prove useful when get- 
ting information on the operation of 
banked transformers. The first three 
25 ky-a. transformers replace a 37% 
kv-a. carrying 52 kv-a. and a 30 
carrying 24 kv-a. Two were erected 
first but when one showed a red light 
the third was added. They performed 
very satisfactorily all winter but 
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there is 75 kv-a. capacity where there 
was 67 before. The other bank of 
three 25 kv-a. transformers is carry- 
ing 48, 51 and 87 kv-a. on each re- 
spective unit as shown on a demand 
meter and checked on graphic meters. 
The graphic meters showed a daily 
load factor of about 45 per cent. None 
of the second bank of three trans- 
formers has shown the red light. 
There is nothing to report regarding 
lightning trouble. Cutouts with solid 
blades are used on the primary side 
which serve as disconnects. 


The delegates were reminded of a 
paper read at the 1939 Summer Con- 
vention describing the C.S.P. trans- 
former and were urged to co-operate 
with the manufacturers in giving 
newly designed equipment a fair trial 
to see if it will do everything it is 
supposed to do. 


It would seem, from an operating 
viewpoint that we should hesitate be- 
fore eliminating cutouts when _ in- 
stalling the new style of transformer 
if for no other reason than switching. 
The suggested practice of requiring 
linemen to climb through wires carry- 
ing varying voltages in order to dis- 
connect the drops to the transformer 
does not conform with recognized 
rules for safe practice. The saving 
that might be made through the 
elimination of the cutouts is only 
negligible, especially from the stand- 
point of accident prevention. 


SFO 


V.B.Coleman, Port Hope 


Vincent Booth Coleman, manager 
and secretary of the Port Hope 
Hydro-Electric Commission, died on 
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V. B. Coleman. 


Thursday, April 4th, in his 71st year. 
A week previous to this he was ad- 
mitted to the Port Hope hospital suf- 
fering from pneumonia. He was be- 
lieved to be on his way to recovery 
earlier in the week, but later passed 
away. 

Mr. Coleman was born in Seymour 
township, Northumberland county, 
and moved to Port Hope with his 
parents at an early age. His interest 
in electricity began when he was a 


boy, when the telephone intrigued 
him. In 1885 an open arc electric 
lighting system supplied from a 


steam plant and capable of serving 
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twenty lights was installed, and he 
became manager of this plant. Water 
the plant was moved and driven by 
water power. About this time he 
entered the employ of a Montreal com- 
pany, but returned to Port Hope in 
less than a year and accepted a posi- 
with the Port Hope Electric 
Light and Power Company, which 
purchased water rights north of the 
town. Here, a 750-light Slattery 
alternating system, one of the first in 
Canada, was installed in addition to 
the arc machines. When this plani 
was taken over by the Electric Power 
Company in 1910, Mr. Coleman re- 
mained with the successors, where he 
later became manager. He has served 
in this capacity until his death, the 
Port Hope System having passed into 
the ownership of the Province of On- 
tario in 1916 and was operated by 
The Hydro-Electric Power Commis- 
sion of Ontario until 1930, when it 
was purchased by the town. At this 
time he also became secretary of the 
local commission. 

He was widely known for his kindly 
character and a wide host of friends 


tion 


and business acquaintances mourn his 
passing. Mr. Coleman is survived by 
his widow, one daughter and two sons. 


BO 


R. A. Coleman, Port 
Hope Manager 


On. the death of his father V. B. 
Coleman, Robert A. Coleman suzceed- 
ed to the position of manager and 
secretary of the Port Hope Hydro- 
Electric System. The appointment 
was made at a special meeting of the 
local Commission on Monday, April 
8th, and is quite popular locally. 

Graduating from Port Hope High 
School, Bob accepted a position with 
the local Hydro as meter man in July, 
1926. Since that time he has remained 
constantly with the Port Hope system 
and under the guidance of his father, 
and by industrious studying in the 
electrical field has become familiar 
with all the phases of the system. 

The Bulletin joins with his many 
friends in extending congratulations 
on his appointment. 
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Power Output in 1939 


HE twenty-eighth annual sur- 
vey of 100,000,000 kilowatt- 
hour systems in North Amer- 
ica by The Electrical World 

includes operating data for 184 electri- 
cal light and power companies. Of 
those systems there are 43 that exceed 
one thousand million kilowatt-hours. 
On the basis of kilowatt-hour output 
The Hydro-Electric Power Commission 
of Ontario tops the list with a total 
output for the year, including pur- 
chased energy: of 8,673,283,000 kilo- 
watt-hours. Next in order is the 
Niagara Hudson System with 7,618,- 
593,000 kilowatt-hours, followed by 
the Commonwealth Edison Company 
and subsidiaries and The Consolidated 
Edison Company of New York, Inc., 
with 7,561,618,000 and 7,376,854,000 
kilowatt-hours respectively. Fifth in 
this order is the Shawinigan Water 
and Power Company and subsidiaries 
with 5,923,888,000 kilowatt-hours. 
Taken in the order of system peak 
loads, including purchased energy, The 
Hydro-Electric Power Commission of 
Ontario comes sécond with a total load 
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of 1,564,200 kilowatts taken on a 15- 
minute basis. The greatest peak load 
was that of The Consolidated Edison 
Company of New York, Inc., with a 
60-minute demand of 1,660,000 kilo- 
watts, while the third and fourth were 
the Commonwealth Edison Company 
and subsidiaries and the Niagara Hud- 
son System with 1,535,000 kilowatts 
and 1,316,000 kilowatts respectively 
over 60 minutes. 

The generator rating of the Com- 
mission of 1,160,000 kilowatts is 
fourth in magnitude, being exceeded 
by The Consolidated Edison Company 
of New York, Inc., with 2,566,300 kilo- 
watts, the Commonwealth Edison Com- 
pany and subsidiaries with 2,005,765 
kilowatts and the Niagara Hudson 
System with 1,576,638 kilowatts. In 
hydraulic generation, however, the 
Commission is first with 1,140,000 
kilowatts distributed over 45 plants. 
The System having the second largest 
hydraulic installation is the Niagara 
Hudson System with 979,788 kilo- 
watts in 90 plants. Some of the other 
systems showing large hydraulic ih 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discus- 
sion of “Hydro” matters and to main- 
tain the co-operative smrit between 
municipalities, as well as between 
municipalities and the Commission. 
Articles of interest are invited for 
publication, 


stallations are the Pacific Gas and 
Electric Company with 876,794 kilo- 
watts in 49 plants, The Bureau of Re- 


clamation (Boulder Dam) with 704,800 
kilowatts in one plant, The Shawinigan 
Water and Power Company and sub- 
sidiaries with 701,372 kilowatts in 18 
plants, The Southern California Edi- 
son Company, Limited, with 656,920 
kilowatts in 24 plants, Tennessee Val- 
ley Authority with 610,709 kilowatts 
in 19 plants, The Montreal Light, Heat 
and Power Consolidated and _ subsi- 
diaries with 548,720 kilowatts in five 
plants and The Gatineau Power Com- 
pany with 534,608 kilowatts in 17 
plants. 

Commenting editorially on this sur- 
vey, the Electric World states that in 
its first survey, covering 1912, it in- 
cluded five companies, their peaks 
ranging from 42,500 kilowatts to 233,- 
000 kilowatts and that this year the 
largest single peak is six times as 
large as the largest in the first survey, 
and the output ten times as large. At 
that time The Hydro-Electric Power 
Commission was only completing its 


second year of operation, its peak 


reaching to about 30,000 kilowatts. 
During thirty years of operation the 
Commission’s load has grown from 
zero to one of the largest on the North 
American continent. 
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Investigation of 
Artificial Ground Terminals 


By the Grounding Committee, H.E.P.C. of Ontario 


URING the period from July 

1932 to April 1934 an ex- 

tensive program of investi- 

gation of artificial ground 
terminals was carried out by the Dis- 
tribution Section of the Electrical 
Engineering Department of The 
Hydro-Electric Power Commission of 
Ontario under the authority of a Com- 
mittee on Grounding. 


OBJECT OF INVESTIGATION 


The idea of establishing ground test 
stations originated early in 1932, with 
the object in mind of securing in- 
formation regarding the all-season 
characteristics of various types of 
terminals in the different classes of 
soils which are prevalent in Ontario. 


Some information of this nature was 
available for other localities, viz. Win- 
nipeg and Washington, but it was not 
considered to be properly applicable to 
the particular conditions met with in 
Ontario. 


Specifically the following informa- 
tion was desired: 


(a) What terminal, having the best 
practical all-season characteristics, 
should be used as standard throughout 
Ontario in districts where extensive 
water pipe systems were not available. 

(b) The extent of seasonal varia- 
tion of resistance, because of discrep- 
ancies in different reports regarding 
the same terminals. 
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(c) Definite and reliable observa- 
tions concerning the effect of varying 
depths of frost penetration on the 
various types of ground terminals. 

(d) The effect of precipitation on 
artificial ground terminals was known 
to be important, but complete and re- 
liable data were desired. 


(e) Reliable data on the behavior 
of shallow terminals in typical Ontario 
soils—also the relative effectiveness of 
strip and mat terminals. 

(f) Additional information on soil 
treatment. 


With the above mentioned objects 
in view, observations were made of 
ground resistance values with vari- 
ables of season, soil, type of terminal, 
soil treatment, frost penetration, pre- 
cipitation, and temperature. 


TEST STATIONS 
There are innumerable variations in 
soil conditions in Ontario which may, 


_ for practical purposes, be divided into 


general classes, as follows: 

La Clay: 

2. Sand. 

3. Gravel. 

4. Rock. 

Loam was not listed as a separate 
classification because it usually occurs 
only as top soil and is in general ab- 
sorbed in the classes listed; e.g. clay 
loam, sandy loam, ete. 

The designation of the fourth class, 
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viz rock, is used for localities having 
bed rock within a few feet of the sur- 
face, with an overburden of soil. This 
was known to be a particularly poor 
condition for grounding and it was 
hoped to find the answer by the use 
of shallow terminals. 

Two test stations, or groups of 
terminals, were established in each 
type of soil, making eight stations in 
all. This was to reduce the chance of 
error which might occur if deductions 
were based on single experiments. 

In order to be accessible all year 
round locations were sought along 
paved roads near Toronto. After 
careful study the clay, sand and gravel 
were located along the Lansing-Rouge 
Hills highway, while a rock condition 
was found on the flats of the Humber 
river just west of the city limits be- 
tween Bloor and Dundas streets. 

Work was commenced on the instal- 
lation of terminals on July 11th, 1932 
and completed on July 26th, 1932. 

For future reference the system of 
numbering the stations is listed be- 
low. 


Station 
Number Soil 
t Stoney black loam............... 
Rocksat.o too ft. 
1A Cla oan tees ee eee 
Kock ato ft, 
2 CTS ate ea eee 
2A Clay 
3 EF eras] a Ses ae, eae ata 
3A PANG eee ce, eee) ee 
4 Ae ae ot. oa ee, 
4A Sand 


The geographic locations of six of 
the stations are shown in Fig. 1. 


ete Rett oad Scarboro twp. 
eae CATDOLO EWE. 


Aye ead Scarboro twp. 
<a CALDOLO LEWD. 
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TERMINALS 

The selection of terminals to be 
tested included samples of nearly all 
types considered to be of practical 
value for our purposes, with the idea 
of adding to these any terminals that 
might be discovered or developed at a 
later date. 

The first nine terminals in each 
station were identical, and are listed 
below with the terminal number al- 
lotted to each. 

1. 6 in. by 6 in. wire mesh 20 ft. by 
3 ft.—10 in. deep; or 6 in. by 6 in. wire 
mesh 10 ft. by 3 ft.—24 in. deep. 

Note—Stations, 1, 2, 3 and 4; had 
the 20 ft. mat. Stations 1A, 2A, 3A 
and 4A had the 10 ft. mat. 

2. 15 ft. tinned copper strip 1 by 46 
in.—24 in. deep. 

3. 15 ft. tinned copper strip 1 by “46 
in.—24 in. deep. 

4. 15 ft. tinned copper strip 1 by “465 
in.—24 in. deep. 

2 plus 8 plus 4 = 45 ft. copper strip | 
1 by 46 in.—24 in. deep. 

5. 6 ft. by 3% in. steel rod. 


Location 


Oe AS. Humber blvd.—station nearest 


Bloor street 


hay cena Humber blvd.—station nearest 


Dundas street 
con. 1 lotro 
con. III, lot 34 
con. II, lot 8 
con. III, lot 8 
con: U1 lGiees 
con. LE wots 


..scarboro twp. 
..ocarboro twp. 


6. 8 ft. by %4 in. steel rod. 
7. 10 ft. by 34 in. steel rod. 
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RAL POWER DISTRICT: ~ 
NOTE: Stations 1 K1A ARE No 


8. 10 ft. by % in. steel rod—salt 
treated—basin type. 

This type of treatment consist- 
ed of digging a conical excavation 
around the top of the rod, 2% ft. deep 
and 21% ft. across the top, and placing 
90 lb. of common salt in this hole. 
See Fig. 2. 

9. 10 ft. by % in. steel rod—salt 
treated—tile type. This treatment is 
similar to the basin type except that 
an 8 in. sewer tile, 2 ft. long, is placed 
around the top of the rod to act as a 
reservoir for the salt. The capacity of 
the tile is about 50 lb. of salt. 

In addition to the above, other 
terminals were installed as follows :— 

An 8 ft. by 1 in. perforated pipe— 
salt treated with NaCl solution and 
later with 2 lb. NaCl crystals. All 
treatment was applied inside the pipe 
on the theory that the brine would 
seep out and impregnate the soil in 
immediate contact with the pipe. 
These were installed at all stations on 
Oct. 28, 1932. 
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A 6 ft. by % in. perforated copper 
tube was installed at each station ex- 
cept No. 1 and treated with either 
NaCl solution or CuSO. solution, 
poured down the tube. 


A T-shaped galvanized steel rod was 
installed at four stations on Aug. 19, 
1932, 6 ft. long at station No. 1A and 
10 ft. long at stations 2, 3A, and 4A. 


A “spear head” type of terminal was 
installed at stations 2, 2A, 3, and 4. 
The spear head is of cast iron, about 
6 in. long, and shaped like an auger 
point, with copper lead wire attached. 
These were installed to a depth of 
514 ft. by means of a special handle 
for twisting them in. 


A star-shaped solid copper rod, %4 
in. maximum diameter was installed 
at station: 2A on Oct..28, 1932. 


Deep Terminals — From January 
20th to February 3rd, 1932, seven deep 
terminals were installed by the use of 
an electric hammer. These rods were 
of steel in 5 ft. sections in three sizes— 
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Fig. 2—Basin type method of salt treating a 20 ft. pipe. The method 
for a 10 ft. rod is similar except that auger is not used. 
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TERMINAL 
NO DESCRIPTION 


13 Perforated Pipe 8’x!” 


12 T- Shaped Steel Rod 10'long 


l 


il Spear Head Terminal 5% al ecp 


10 Copper Tube 6x5 


‘ aie 


9 {10 Steel Rod - Salt Ireated-Tile 


ae 25 
© 


4 


8 10 Stecl Rod-SaltTreatva-Basin 


2) 


we 
nA 
co T Steel Rod 10x34” 
ay Steel Rea 8'x I 
stage 5 Steel Rod 6x34” 


4 15 Copper Strip 1x%e - 24 deep 
3  1SCopperStrip!"x%e -24 deep 


core Copper Strip | xNe- 24 deep 


Road between Lots 8 &9in Con.2 Scarborough Twp. 


{ 6x6 Wire Mesh 10 x3- 10 deep 


66-0 | Fig. 5 
| GROUND TEST STATION NO.4A 


TYPICAL LAYOUT 


A m.c. APR.-24,3933 
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1% in., % in., and 34 in. 

52 in. by 21 ft. flush joints—Station 
No. 3. 

3, in. by 12 ft. coupling joints— 
Station No. 3. 

14 in. by 10 ft. coupling joints— 
Station No. 3. 

34, in. by 21 ft. flush joints—Station 
No. 3. 

4 in. by 1714 ft. coupling joints 
—Station No. 4. 

%2 in. by 20 ft. flush joints—Station 
No. 4. 

34, in. by 21 ft. flush joints—Station 
No. 4. 

The layout of a typical station is 
shown in Fig. 3. 


DESCRIPTION OF TEST 
A—Resistance Measurements 
The layout of the stations was such 
that the resistance tests could be made 
by setting up the instrument at a 
point midway between the two ex- 
tremities. <A reel stand was fabri- 
cated on which were wound 2—140 ft. 
rubber covered lead wires and 1—70 
ft. lead. With this arrangement any 
terminal in the group could be tested 
by using two of the more remote 
terminals as test probes. In general 
the same pair of reference terminals 
were used each time to test any given 
terminal. 


An earth tester with a range of 
0—3000 ohms was used for most of 
the tests, but a higher range instru- 
ment was used when values exceeded 
3000 ohms. All the instruments used 
checked fairly closely and no correc- 
tion factor was necessary when shift- 
ing from one to another. 


The first test was carried out on 
July 29, 1932. Weekly tests were 


made, always on Friday, until Aug. 
25, 1933. The reason for carrying 
the tests on through August 1933 was 
because of the exceptionally dry, hot 
weather during the summer of 1933, 
when the resistances of all terminals 
were steadily increasing. 


On checking over the results it was 
found that the winter of 1932-33 was 
not normally severe and additional in- 
formation was desired. On December 
7th, 1933, testing was resumed at fort- 
nightly intervals and continued until 
March 29th, 1934, when the frost was 
beginning to leave the ground. Weekly 
readings were then taken until May 
25th, 1934. In addition, tests were 
made at Stations 2, 2A, 3, oA 47and 
4A on April 9th, and 11th, on account 
of the very changeable weather during 
that week. 

B—Frost Measurement 

Since frost penetration was expected 
to play a very important part in the 
results obtained, it was desired to get 
complete and accurate records. With 
only a few inches of frost it was 
comparatively simple to pick through 
and measure the depth of crust, but as 
the frost went deeper, this method in- 
volved a great deal of time and labor. 

Various shorter methods of obtain- 
ing the depth were then tried, but 
with little success. A drop hammer 
arrangement was tried which had pro- 
vision for measuring the increment of 
depth for each blow. Other methods 
attempted involved the change with 
depth of earth conductivity and tem- 
perature, the latter by means of buried 
thermocouples. In all three cases the 
desired variations were too small to 
be measured accurately, and finally 
digging was reverted to. 
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C—Rainfall Data 

Complete records of precipitation 
data were obtained from the Meteoro- 
logical Office. The information for 
stations 1 and 1A was taken from the 
Toronto sheets, and for the remain- 
ing stations from the Agincourt 
sheets. Although precipitation in- 
cludes both rainfall and snowfall, for 
our purpose the total was taken as 
inches of rain per week immediately 
prior to the date of test. To obtain 
this total, snowfall was converted to 
rainfall by the relation 10 in. snow= 
1 in. rain. 


D—Temperature Data 

Temperature records for the total 
period of test were obtained from the 
Toronto and Agincourt sheets. The 
temperature shown on the curves is 


MAY, 1940 


the mean for four 


days previous to 
test. The daily mean was taken from 
the maximum and minimum readings 
and the listed value is the average of 
these daily means. 


GRAPHIC REPRESENTATION OF DATA 
OBTAINED 

All resistance and associated meas- 
urements have been summarized in the 
form of graphs. A comparison be- 
tween the 10 ft. ground rod and the 
former 6 foot standard is shown in 
Fig. 4. 

Seasonal variations of resistance, 
rainfall, temperature and frost pene- 
tration were plotted vertically against 
a time base on which each division 
represented one week. Originally, 
straight cross-section paper was used, 
but on account of the great range of 
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resistances several different vertical 
scales were necessary. It was found 
that by using a logarithmic vertical 
scale any resistance curve could be 
accommodated on a sheet of conveni- 
ent size. A separate sheet was used 
for each terminal, making 144 in all, 
and since it is not practical to include 
the complete set in this paper a few 


typical charts have been combined and 
are shown in Figs. 5, 6, and 7. 

It should be noted that only the 
scale for resistance is truly logarith- 
mic while the other scales were chosen 
arbitrarily. This was necessary to 
confine the curves to a _ reasonable 
range on the sheet and to accommodate 
zero values of temperature. 


SUMMARY OF DATA 


(All resistances given in ohms) 


A.—MAXIMUM AND MINIMUM VALUES FOR COMMON TYPES OF TERMINALS 


Max. Resistance | Max. Resistance! Low Resistance 


Station Winter Summer Spring or Fall 
Wire Mesh 20 ft. by 3 ft.—10 in. deep. 
Loe 4tit clay ‘over: rock: 42-5 175 38 15 
ap) PAGE OE SRA WS AR ein Tae 400 57 Ay, 
er LAV Ol oes AY ere a OE a 1,375 330 80 
4 SAG se ee oer ee es 1,510 380 100 
Wire Mesh 10 ft. by 3 ft.—24 in. deep. 
TA. 6 it; clay over Tock ...........: 155 83 45 
De CLA eee eee rhe eae | 2 119 45 19 
SACRO AV Lc bots. + Otc etek 5 2,760 700 140 
BESTE een ect ee ee 2,750 380 118 
“4 in. by 6 ft. steel rod—no treatment. 
The 45ftacliay over rock o.0..c 180 118 88 
Die AO LAN edn aee Aen cw leat 110 56 38 
Some CEA Ve lvagiect | ty ei hs 12 2,050 1,225 450 
A ose os. ee nt ee 2,700 1,320 500 
% in. by 8 ft. steel rod—no treatment. 
1 Asi teClaynoven a OCKs <2... 100 95 50 
DIO LAN ee me AG ee beh. 17 48 32 
3 ASPAV EIN tnt cs 1,290 750 260 
4 SSR igre cinerea, 2,600 1,300 510 
% in. by 10 ft. steel rod—no treatment. 
1 A ft. clay over rock ............ 70 53 41 
2 CURRAN at Uy a ee eee 70 45 29 
3 CST AVC arent en cies ile 900 720 200 
4 aia eee ee eRe 1,750 875 400 
(po ft. length 24 in. deep 
Copper Strip va T: 3 sc 66 
G45 66 é6 &é é6 &6 
ay 4 ft. clay over rock.......a 195 70 40 
b 142 111 48 
c 400 180 60 
d 70 43 19 
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| Max. Resistance | Max. Resistance | Low Resistance 


‘Station Gis 7 See ‘Winter 1h *esummer Spring or Fall 
Aas 011) ca EP hae 00 350 54 26 
b 760 82 26 
c 950 76 26 
d 190 25 12 
Ried, AtVAVEl ) at nee eae a 2,010 700 132 
b 2,800 1,050 160 
c 2,300 730 120 
d 910 290 60 
4 Sand £ic220, cones a 3,000 plus 1,000 175 
b 3,000 plus 1,500 205 
c 3,000 plus 1,200 185 
d 2,200 460 90 
1A. 6 ft. clay over rock..... a 250 96 50 
b 205 130 54 
c 270 160 56 
d 87 47 19 
Da WB aed Salen ce ie cee a 110 50 rag 
b 60 39 ne 
€ 109 53 25 
d 30 18 11 
BAY GYAVOL s.ccts.c:. een a 3,000 plus 1,070 155 
b 2,700 930 150 
c 2,500 655 125 
d 1,100 300 59 
AAP SAN oes ee eee a 1,700 560 135 
b 2,350 600 100 
c 2,650 775 125 
d 800 215 50 
% in. by 10 ft. steel rod—salt treated—basin type. 
1 4 ft. clay. over rock........... 43 24 11.5 
2 Clay ae s 20 12.5 10 
3 Gravel. 0. ue eee 700 275 40 
4 Sarid tt) oe eee 400 170 75 


In both gravel and sand the charge of salt apparently disappeared during the 
first year, but the beneficial effect was still evident. 


*% in. by 10 ft. steel rod—salt treated—tile type. 


1, Act clay: over rock. 80 53 15.5 
D. . (MOAeek teens 15.5 11 10 
S.. (Gravel <.2 2 Seer 900 400 60 
Aso | GA cen ee ee 510 200 95 
1 in. by 8 ft. perforated pipe—salt treated. 

1. 4 ft. clay over rock......... 195 115 33 
RIS S15 RRR MN veh SOR Ns 45 28 20 
3 GSTHVGl. 2 oe 1,320 795 210 
4 PATI ooncetctge sec eh ee 1,930 590 165 
%s in. by 6 ft. copper tube—salt treated. 

1A. 6 ft. Clay over rockz._... 100 70 32 
2 As LA €or ce ee eee 70 40 32 
BA, (OTAVGN oo ee 2,550 830 280 
BAY Sand cee ees 1,840 650 175 
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In both types of perforated pipe the 
charge of salt disappeared during the 
first year and its effect gradually be- 


came less, the resistance in the second 
year resembling that of an untreated 
terminal of equivalent length. 


' (To be continued) 
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Summer Convention Programme 


The 1940 Summer Convention of the 
Ontario Municipal Electric Association 
and the Association of Municipal Elec- 
trical Utilities will be held at Bigwin 
Inn, Muskoka, on July 9th and 10th, 
1940. There will be two main sessions 
at the convention, one on the morning 
of Tuesday, July 9th and the other 
on the morning of Wednesday, July 
10th. Both of these will be joint ses- 
sions of the two associations. 

The session on the morning of Tues- 
day, July 9th, will be devoted to a 
paper on utility transportation equip- 
ment to be presented by H. D. Roth- 
well, Assistant Engineer, Municipal 
Engineering Department of the Hydro- 
Electric Power Commission of Ontario 
and Chairman of the Commission’s 
Truck Committee. The Committee 
has made a thorough study of the diff- 
erent types of trucks used by electrical 
utilities in the United States and 
Canada and is prepared to discuss suit- 
able equipment for use by the different 
municipal systems. 

On the evening of this day there 
will be a convention dinner which will 
be followed by an exhibition of the 


Commission’s sound film entitled “The 
Bright Path”. 

On Wednesday morning, July 10th, 
the session will be given over to an 
address by K. A. Christie, K.C., Com- 
missioner, Toronto Hydro-Electric 
Commission, on the relationship of 
commissioners and utility employees. 
This will be followed by a paper on 
fluorescent lighting by a representative 
of the Canadian Westinghouse Com- 
pany. 

The hotel has quoted the following 
rates to delegates to the convention be- ~ 
ginning on Saturday, July 6th. 

$7.00 per person—lst and 2nd floor; 
all with bath. 

$6.00 per person—srd floor with 
bath. 

$5.50 per person—drd floor without 
bath. 

25 cent return ferry rate. 

Free golf. 

Reservations should be made directly 
with the hotel. Post-card forms for 
this purpose will be provided for the 
use of delegates when convention 
notices are mailed to them. 


CEG 


MAY, 1940 


148 


hes BULLETIN 


NWI «THE HyYDRO-ELECTRIC POWER COMMISSION OF ONTARIO Jy) iN NNUTUCTTETUUL LUELLA EEUU 


Inauguration of the C.E.S.A. 


Approvals Service 


HE Canadian 

Standards. Association has 

established an Approvals 

Division and has issued a 
special notice governing the approval 
of electrical equipment. 


Engineering 


To satisfy the repeated requests of 
a wide representation of Canadian in- 
terests, in the electrical field, the 
C.E.S.A. Executive Committee, in 
March 1939, authorized the organiza- 
tion of a special division to provide for 
approval of electrical equipment to be 
sold or installed in Canada. The 
C.E.S.A. Mlain Committee confirmed 
this action in December, 1939. This 
proposal met with the unanimous ap- 
proval of electrical inspection authori- 
ties in each of the provinces, and of 
power supply, manufacturing and 
electrical interests in general, through- 
out Canada. 


DATE OF INAUGURATION 
— May 1st, 1940 
An appropriate organization has 
been in the course of development dur- 
ing the past year and preparations 
were completed whereby the C.E.S.A. 
Approvals Division would be in a posi- 
tion, by May lst, 1940, to enter into 
agreements with manufacturers for 
the purpose of issuing approval of 
electrical equipment, and provide suit- 
able labels for such equipment where 
it meets the requirements of the ap- 
propriate Specifications of the Cana- 
dian Electrical Code, Part II, and of 


prescribed tests performed by labora- 
tories authorized for the purpose by 
the C.E.S.A. 


BASIS OF APPROVALS 


Approvals work will be carried out 
in accordance with the provisions of 
the Canadian Electrical Code, Part I 
(current edition) and the supplemen- 
tary Standard Specifications of the 
Code, Part IT. 
Specifications of the Canadian Electri- 
cal Code, Part II, published prior to 
February lst, 1940, will be effective 
for C.E.S.A. approvals purposes as of 
May Ist, 1940, and all Specifications 
under that section of the Code pub- 
lished after February Ist, 1940, will 
be effective as of date of publication or 


All current editions of 


will be otherwise specifically marked as 
to effective date. 


PROCEDURE FOR APPLICATION 
FoR APPROVAL 


Applications for approval of electri- 
cal equipment should be made to the 
C.E.S.A. Secretary, or to the Approvals 
Engineer at the addresses indicated 
below. An Approvals Manual giving 
general information and detailed in- 
structions as to procedure in seeking 
C.E.S.A. approval of electrical equip- 
ment is being prepared and will be 
available on request. Manufacturers 
are requested to ask for instructions 
as to the submitting of samples for 
testing, by applying to: 
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The Approvals Engineer, 
Canadian Engineering Standards 
Association Approvals Division, 
Room 101; 8 Strachan Avenue, 
Toronto. 
(Telephone Wa. 6127 or 6128). 

or to 

The Secretary, Canadian Engineering 
Standards Association Approvals 
Division, 
3010 National Research Building, 
Ottawa. 


(Telephone 2-8211: Local 2056). 


FOLLOW-UP INSPECTION SERVICE 
AGREEMENTS 

By agreement with the Hydro-Elec- 
tric Power Commission of Ontario, all 
Follow-up Inspection Service Agree- 
ments between the H.E.P.C. and manu- 
facturers or submittors, that, at the 
time of the transference of Approvals 
work from the Commission to the 
C.E.S.A., are valid, will be assigned to 
the C.E.S.A., which body will there- 
after be the responsible party to such 
agreements, in place of the Commis- 
sion. As these agreements expire they 
may be formally renewed between the 
C.E.S.A. and the other party or parties 
thereto. 


In connection with the Re-examina- 
tion Service, the C.E.SA. will permit 
its name, together with the number of 
the Approval Report, to be imprinted 
upon all “C.E.S.A. Approved” electri- 


cal equipment, as was done under 
H.E.P.C. Re-examination Service. 


APPROVALS LABELS 
All existing Approvals Labels bear- 
ing the name of the C.E.S.A. and 
the H.E.P.C. that have not yet been 
used will be accepted by the Provin- 
cial Electrical Inspection Authorities 


MAY, 1940 


until the stocks have been exhausted; 
thereafter, standard C.E.S.A. labels, 
only, will be accepted. 


APPROVALS CARD INDEX AND PRINTED 
LIST OF APPROVED EQUIPMENT OF 
THE H.E.P.C., ONTARIO 

The card index record and the 
printed List of Approved Electrical 
Equipment embracing the details of 
approvals issued by the Hydro-Electric 
Power Commission of Ontario and in 
effect on April 30th, 1940, will be 
adopted by the C.E.S.A. as of May Ist, 
1940, subject to the general provisions 
of the C.E.S.A. Approvals Manual 
relative to continued effectiveness of 


approvals. 


ON AND AFTER May 1ST, 1940 
the C.E.S.A. is prepared to follow the 
procedure laid down in the C.E.S.A. 
Approvals Manual for the issuing of 
approvals on electrical equipment for 
Canadian use. An effort will be made 
to send a copy of the Approvals Manual 
to all parties known to be interested, 
but to anyone who does not receive 
one, a copy will gladly be sent on re- 
quest. 

The C.E.S.A. Approvals Division has 
agreed to take over and complete those 
applications for approval which have 
not on May Ist, 1940, been completed, 
—as would have been done by the 
H.E.P.C. under the former arrange- 
ment. 


CAUTION 
Please do NOT submit samples for 
testing to the Ottawa office. Ask for 
instructions as to the location of the 
laboratory to which. they are to be 
sent... This will obviate unnecessary 
delay and expense. 
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Grounding Practice In 
Electric Systems 


With Particular Reference To Protection 
From Shock 


By W. P. Dobson, Chief Testing Engineer, 
H. E. P. C. Laboratories, Toronto 


(Continued from April) 
GROUND ELECTRODES 

The efficacy of grounding practice 
depends predominantly upon _ the 
characteristics of the ground electrode, 
i.e. the actual means of connection be- 
tween the part to be grounded and the 
body of the earth. It is possible to 
destroy completely the protection de- 
sired if this factor be not adequately 
provided for. This is the chief stumb- 
ling block in the way of a thoroughly 
satisfactory solution of the problem 
and the particular difficulty resides in 
the variability of the electrical proper- 
ties of the soil and the meagre know- 
ledge available of ground characteris- 
tics. Experience has shown the great 
difficulties of designing a ground 
electrode which will meet all require- 
ments under the conditions encount- 
ered. 

A great deal of theoretical work has 
been done in the development of formu- 
las for the resistance of many forms of 
electrode; these are undoubtedly of 
great help in securing satisfactory re- 
sults. However, the uncertain factor 
is the resistivity of the ground which 
varies so widely with type and condi- 
tion of soil that extreme caution must 
be used in applying these formulas; 
calculations must be supplemented by 


tests which take local conditions into 
account. Much useful work has been 
done by Dwight in developing formu- 
las and practical methods of applying 
them. A collection of these formulas 
is given in a paper published in ‘‘Elec- 
trical Engineering”, December 1936. 
Types of Electrodes 

The Canadian Electrical Code recog- 
nizes several types of electrode on the 
basis of their resistances. The most 
desirable is that referred to as a 
grounding system which has a resist- 
ance of 6 ohms or less. A _ metallic 
water piping system for public supply 
usually meets this requirement; this 
is used wherever practicable. Other 
recognized types of ground electrodes 
are: metallic water piping systems for 
private supply if at least 100 feet in 
length and buried in the soil, the 
metallic casings of artesian wells (if 
the casing is not less than 3 inches in 
diameter) and one or more ground 
rods (connected in parellel if more 
than one are used.) Gas piping may, 
with certain restrictions, also be used 
for grounding the non-current-carry- 
ing metal parts of electrical equip- 
ment. Ground electrodes must be 
placed below the level of permanent 
moisture; the connection wires from 
the equipment to the electrode must 
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-_ be protected from mechanical injury. 


Special precautions must be taken in 
the connections between grounding 
conductors and electrodes; only clamps 
approved for the purpose may be used. 


The Code strongly recommends that 
all grounds be tested at the time of 
installation and periodically (say every 
5 years) thereafter. In this respect 
more stringent regulations are in 
force in other countries—particularly 
in New Zealand where utilities are re- 
quired to test grounds periodically or 
otherwise give proof that low resist- 
ances are being maintained. So far 
as the writer is aware, no attempt is 
made in Canada to test ground elec- 
trode resistances periodically after 
installation. 

The practice of using water supply 
systems for grounding has, within re- 
cent years, been the cause of difficulty 
between the water supply authorities 
and the electric utilities. About 10 
years ago the American Waterworks 
Association withdrew its approval of 
the practice of grounding electrical 
systems to water supply systems, al- 
leging that the abuse of the privilege 
on the part of the utilities was result- 
ing in the flow of excessive and de- 
structive currents through the water 
pipes. The difficulty has been accentu- 
ated by recent attempts of the e!sctri- 
cal utilities in United States to intro- 
duce new methods of wiring in which 
a bare neutral conductor is incorpor- 
ated. 

Changes in water works practice, 
involving the introduction of mains 
of non-conducting material, has also 
increased the difficulty of obtaining 
low electrode resistance and may have 
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a revolutionary effect on grounding 
practice particularly in urban centres. 

A committee, known as the Ameri- 
can Research Committee on Ground- 
ing, was formed a few years ago in 
the United States and is now investi- 
gating the subject in all its aspects. 
Rod Electrodes 

Rods or pipes driven vertically into 
the earth are almost universally used 
for grounding both consumers’ cir- 
cuits and equipment, and in many 
localities, distribution systems. They 
offer the advantages of low cost and 
ease of installation; under favorable 
soil conditions they may be driven to 
the permanent moisture level—an im- 
portant feature in maintaining low 
electrode resistance. 


From the point of view of resistance 
the material of the electrode is not 
important, since there is very little 
voltage drop in the electrode itself. 
In this district mild steel rods 34 inch 
in diameter, 10 feet long and ungal- 
vanized have proven quite satisfactory. 
The corrosive effect of the soil and of 
chemicals used to treat the ground are 
negligible. 


The theoretical characteristics of 


rods may be calculated from the form- 


ulas of Dwight previously referred to. 
Dwight’s paper also contains curves 
which facilitate calculations and have 
the great practical advantage that at- 
tainable ground resistances may be 
estimated in any case from measure- 
ments on a few ‘temporary test 
grounds. 
Testing of Rod Electrodes 

The practice of testing the resist- 
ance of transformer and consumers’ 
ground electrodes at the time of instal- 
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FREQUENCY DISTRIBUTION 
OF GROUND RESIS TANCES FOR 
SOFT. STANDARD ELECTRODE 


SOiL TYPE 
—— Heavy Loam or Clay 
--- Sandy or Gravelly Loam 


‘ —-— Sand or Gravel 


Number of Readings -5283 


PERCENT IN RESISTANCE RANGE 
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Jation is quite general in Canada. In 
Ontario, measures are taken to obtain, 
if practicable, resistances of 25 ohms 
or less in all transformer grounds; 
either by driving additional rods or 
by treating the ground with common 
salt. As a typical example of results 
achieved, 23,164 grounds were tested 
in 1934, of which 17,359 were reduced 
to 25 ohms or less by these methods. 
In some localities, it is impossible to 
obtain the desired resistance except 
at great cost, for example, where rock 
underlies sand or on gravel hill tops 
high above permanent moisture level. 
This condition may not be serious if 
the neutral is grounded at many points 
in multiple and has a low overall re- 
sistance to ground, this resistance be- 
ing fairly. uniform throughout the 
system. However, if the ground should 
be located at the end of a line so that 
it would be isolated if the neutral wire 
should break, a special effort is made 
to reduce the resistance to the mini- 
mum value. 


—— Before Improvernent Program 
——- After Improvement Program 


PERCENT HAVING VALUE ABOVE THAT INDICATED 


GROUND RESISTANCE 


Fig. 2—Curves indicating benefits 
of ground treatment. 


The resistance of consumers’ 
grounds is usually tested by the Elec- 
trical Inspector, since few wiring con- 
tractors are equipped with the neces- 
In On- 
tario, resistances above 25 ohms as re- 
quired by the regulations are reported 
to the supply authority, who is expect- 
ed to reduce the transformer ground 
resistance to a lower value. 


sary measuring instruments. 


A study of the results of these re- 
sistance measurements made over a 
period of years in Ontario yields in- 
teresting information about the possi- 
bilities of obtaining low resistances in 
various types of soil. Fig. 1 shows 
frequency curves for three types of 
soil from which it may be inferred 
that in clay the most probable value of 
resistance is about 10 ohms, in sandy 
loam about 30 and in gravel about 50. 
However, reliance should not be placed 
on such curves in designing electrodes; 
they are given merely to show the 
comparative results obtained in this 
part of the country. Fig. 2 shows re- 
sults plotted in a different way and in- 
dicates the benefits of ground treat- 
ment. 
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Other Types of Electrodes 

Investigations have been conducted 
by electrical utilities and others in 
order to compare the characteristics of 
various types of ground electrode. Such 
investigations were undertaken in On- 
tario in 1932, and while the results 
merely confirm in some respects those 
obtained elsewhere it is believed a 
summary may be of interest. They 
will be discussed in greater detail by 
EK. F. Hinch in a future issue of “The 
Hydro Bulletin.” 


Eight test stations were installed in 
four different classes of soil, and 
measurements extended over a two- 
year period. The types of electrodes 
included: 

Wire mesh at various depths. 
Copper strips at various depths. 
Steel rods 6 feet to 20 feet long, 34 
inch diameter some of which were 
treated with salt. 
Perforated pipes, 
solutions. 

Several rods of T and star-shaped 

section. 


containing salt 


The stations were located in clay, 
sand, gravel, and in soil underlaid 
by rock at several depths, chosen as 
typical of conditions in Ontario. 


Seasonal variations of as much as 
2,700 per cent were found for some 
electrodes. Fig. 3 shows typical re- 
sults for driven rods. 


Maximum values of resistance oc- 
curred in midwinter or midsummer, 
minimum in spring or fall. Precipita- 
tion was the most important single 
factor affecting the resistance. 

In localities where a shallow layer 
of earth lies over rock, a strip elec- 
trode is better than a mesh. Frost 
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GROUND RESISTANCE 
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Fig. 3—Typical results for driven 
rods. 


destroys the effectiveness of an elec- 
trode. Soil treatment is valuable in 
reducing resistance; it is most effec- 
tive in dense soils. It may often be 
more economical to treat single elec- 
trodes than to install additional rods. 

A 10 ft. by %4 in. steel rod would 
appear to have the best seasonal char- 


acteristics for use as an_ artificial 
ground. It 


is usually possible to 
lower greatly resistance values by 
driving rods in parallel. Where it is 
possible to drive longer rods this prac- 
tice will be found, in many cases, 
more effective than driving additional 
rods in parallel. 


Characteristics of Electrodes at 

High Frequency 

The effectiveness of a grounding 
system is determined by its impedance 
at the frequency of the disturbance. 
Consequently it is important to ascer- 
tain the effects of high frequencies 
and steep wave front discharges. Con- 
siderable research work is still neces- 
sary on this subject, but investiga- 
tions, which have been conducted, 
show that impedance decreases with 
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increasing frequency, and that in 


cases where multiple grounds are 
used the impedance of the intercon- 
necting wires is frequently of great 
importance and the characteristics of 
the earth electrode relatively unim- 
portant. 


DISCUSSION OF GROUNDING PRACTICE 

It may possibly be inferred from 
this survey of grounding practice 
that the situation with respect to per- 
sonal safety is not satisfactory, and 
that the many exceptions to ground- 
ing rules indicate the ineffectiveness 
of grounding as a means of protec- 
tion. In this respect judgment must 
be based upon the results as given 
in accident statistics and upon the po- 
tential hazards which may be deemed 
- to exist, and which are not provided 
for at present. 

Grounding is so intimately con- 
nected with the operation of electrical 
systems that there is no possibility 
of its being abandoned; the technical 
arguments in its favor are_ too 
weighty. The practice of grounding 
non-current-carrying metal parts, 
however, may be subject to modifica- 


tion, and it cannot be concluded that 
present methods will be continued 
indefinitely. However, based upon 
accident statistics, it would appear 
that the results, in general, are sat- 
isfactory. Fig. 4 shows the number 
of industrial electric shock fatalities 
in Canada since 1926. It will be 
noted that since 1932, the ratio is 
approximately two per million in 
population. This is a very low value 
and compares favorably with sta- 
tistics from other countries. W. 
Thorn of Melbourne, Australia, re- 
ports that in England an average for 
five years is 2.1; in Switzerland an 
average for ten years is 6.2, and in 
several other countries it varies 
from 4 to 6.7. The Metropolitan 
Life Insurance Company of the Uni- 
ted States reported that from 1913 
to 1935 the ratio for its policy hold- 
ers was 7 per million from electric 
shock. This was the lowest of six 
causes of accidents, automobiles be- 
ing responsible for 40 per million. 

From these figures it would appear 
that the measures taken to protect 
the public from injury in the use of 
electricity have resulted in a very 
satisfactory accident record for elec- 
tricity as compared with other 
agencies. 


It has been stated by advocates of 
alternative methods of protection 
that present methods have failed 
miserably. This sweeping statement 
is not borne out by evidence at least 
in this country. 


It must be apparent, however, 
that no general solution for the prob- 
lem of grounding exists at present 
and that alternatives are necessary 
in certain cases. 
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The greatest defect in the system 
is the difficulty of obtaining and 
maintaining low electrode resistance; 
this is particularly true in rural 
areas. In urban districts, large 
water supply piping systems offer a 
satisfactory solution, but, as men- 
tioned previously, this may be effect- 
ed by the introduction of non-con- 
ducting piping systems. 

The important difficulty 
rests in the construction of appli- 
ances and their manner of use by the 
public. Portable appliances particu- 
larly deteriorate more rapidly than 
any other item connected to electric 
systems. They are less carefully 
maintained in the hands of the pub- 
lic than equipment in industrial lo- 
cations and on distribution systems. 
Carelessness in their use and home 
repairs are responsible for accidents. 
Further, certain portions of houses, 
particularly bathrooms, must be re- 
garded as hazardous locations. The 
temptation is great to use appliances 
there, particularly heaters, electric 
razors, and many new devices rapid- 
ly appearing on the market. The 
provisions of the Canadian Electri- 
cal Code for these situations have 
already been discussed, namely, pro- 
hibition, as far as possible, in the 
use of portable appliances in these 
locations. This is as far as adminis- 
trative control can go. Further steps 
must involve educational efforts to 
inform the public in the proper use 
of appliances and it may be said 
with some confidence that efforts in 
this direction have produced some 
results. The greatest possibilities of 
success lie in the training of school 
children, and this is a feature which 


second 
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should be emphasized more by edu- 
cational authorities. In countries, 
such as Canada where the use of 
electricity is so widespread, the 
primary and secondary school curri- 
cula should contain courses in the 
characteristics and use of electrical 
appliances. 


Another objection which has been 
advanced against the practice of 
grounding is the possibility that 
breaks in conductors, particularly 
neutral conductors on consumers’ 
premises may destroy protection. 
While this is true, it is also a fact 
that few cases of breaks in neutral 
wires have occurred. Only two 
fatalities have been reported in On- 
tario on overhead distribution sys- 
tems caused by breakages in neutral 
conductors. So far as the writer is 
aware none have been reported in 
domestic locations. The regulations, 
in general, prohibit the grounding of 
non-current-carrying metal parts to 
the neutral of identified wire in the 
consumers’ circuit except at the ser- 
vice entrance. The reason for this 
rule is the fear of breaks in neutral 
conductors, but in the light of ex- 
perience there are reasons for per- 
mitting this practice in domestic 
locations. 


The chief difficulties in grounding 
practice are met with in the rural 
sphere where high ground resistance 
is most frequently encountered; this 
introduces a potential hazard which 
is not present elsewhere. The alter- 
natives provided for in the regula- 
tions are not always applicable and 
other methods will have to be pro- 
vided. At least two such methods 
have been proposed and one of them 
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has been advanced to the stage of 
commercial application. This is 
ealled “Earth Leakage Protection” 
and consists essentially of a circuit 
breaker connected to the exposed 
non-current-carrying metal parts of 
equipment in such a manner that the 
power supply will be interrupted if 
a dangerous voltage should appear 
on the exposed parts. 


This method is recognized in the 
regulations of the Institution of 
Electrical Engineers of Great Brit- 
ain. It was developed in Germany 
and is in use to some extent on the 
continent and in Great Britain. In 
Australia many thousands of in- 
stallations have been made particu- 
larly in the state of Victoria. 
Theoretically it would appear to 
offer complete protection irrespec- 
tive of the value of ground re- 
sistance—an advantage not offered 
by other methods. However, it suf- 
fers the same disability as other 
methods of protection since con- 
tinuity of the grounding conductor 
is essential to its successful opera- 
tion. Its non-selective characteris- 
tic is a further disadvantage. How- 
ever, it is believed that this method 
warrants more study than has been 
devoted to it in this country. 


The other method referred to also 
disconnects the supply if voltage 
should appear on a metal part. It 
does not require additional con- 
ductors as does the earth leakage cir- 
cuit breaker, but it does require that 
the consumers’ circuits be isolated 
from other consumers and this will 
limit its application since a separate 
transformer would be required for 
each consumer. 


While there is no reason for assum- 
ing an alarmist attitude concerning 
the defects in igrounding practice, 
the situation particularly as it applies 
to rural localities should not be view- 
ed with complacency. The potential 
hazards should not be overlooked since 
they may assume increasing impor- 
tance as the use of electricity becomes 
Economy should 
not be the governing factor in de- 
ciding upon protective measures. In 
fact it is difficult to ascertain whether 
unsatisfactory protection at low cost 
is the most economical solution. Acci- 


more widespread. 


dents involving workmen’s compensa- 
tion are often expensive to electrical 
utilities and to industries, hence their 
interest in protection should not be 
determined solely by the initial cost 
of such protection. 


While it may be impossible to reach 
finality in grounding practice, pro- 
gress may be made by co-operative 
effort along several lines: 

1. Further progress on an acceler- 
ated scale can be made in securing low 
ground resistance and efforts should 
be increased in this direction. The 
statement has been made that more is 
known about electrical phenomena in 
the atmosphere than in the ground, 
and that earth characteristics vary 
far more widely than atmospheric 
characteristics. This points to the 
necessity for more research on ground 
characteristics, an effort which would 
be justified in view of the large 
amount now spent for grounding pro- 
tection. Much can be done in this 
field to bridge the gap between theory 
and practice and to investigate the 
economic as well as the _ technical 
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aspects of the design of ground elec- 
trodes. The correlation of ground re- 
sistance measurements made in dif- 
ferent districts would be an impor- 
tant initial step and should lead to a 
better understanding of the economics 
of grounding practice and of the pos- 
sibilities of securing grounds of low 
resistance. 

2. Alternative methods of protec- 
tion should be investigated and de- 


veloped. 
3. Standards for materials and 
regulations respecting installations 


should be maintained at a high level, 
as necessary supplements to ground- 
ing technique. There is little doubt 
that the improvements in wiring 
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methods and in the construction of 
appliances and other equipment, 
brought about partly by installation 
and approvals regulations, have been 
contributing causes of the present 
fortunate position in Canada with re- 
spect to electrical accidents. The 
wholehearted co-operation of all 
branches of the electrical industry 
through the Canadian Engineering 
Standards Association, is responsible 
for an important and continuous con- 
tribution to public safety. 

The author wishes to acknowledge 
the help given in the preparation of 
this paper by Mr. E. W. McLeod and 
Mr. J. R. Leslie of The Hydro-Electric 
Power: Commission Laboratories. 
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Safety Exhibit 


Industrial Accident Prevention Associations, Inc. 


By H. J. McCaw, Sales Control Inspector, 
Electrical Inspection Department, H.E.P.C. of Ont. 


HE Silver Jubilee Safety 
Convention of the Industrial 
Accident Prevention Associa- 
tions, Inc., was held in To- 

ronto on April 22nd and 23rd. It was 
the nineteenth consecutive convention 
and there was a total attendance of 
more than 38,400 persons from 129 
cities and towns. In Ontario persons 
attended from Windsor to Renfrew 
and as far away as Sault Ste. Marie 
in the north. Out of province visi- 
tors were from Detroit, Montreal, 


Quebec city and Vancouver. At the 
exhibit, the attendance was 1,861 
MAY, 1940 


persons from 559 companies located in 
76 cities and towns. 

A number of jobbers and manu- 
facturers exhibited equipment and 
supplies. There were also exhibits by 
the St. John’s Ambulance Association, 
the Workmen’s Compensation Board, 
the Departments of Labor and High- 
ways of the Ontario Government, the 
Industrial Accident Prevention Asso- 
ciations, Inc. and The Hydro-Electric 
Power Commission of Ontario, the 
latter being in charge of the Electrical 
Inspection Department. 

Exhibited by the Electrical Inspec- 
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Hydro exhibit at the Industrial Accident Prevention Associations, Inc., 
convention. 


tion Department were a number of 
ancient fittings and switches, some of 
which have been removed from service 
but recently. There were other pieces 
of substandard equipment which our 
inspectors had found in service and 
ordered removed. The 
Laboratory supplied a 
pieces of equipment that had been re- 
jected. | 


Approvals 
number of 


One interesting exhibit was a num- 
ber of coppers which had been re- 
moved from fuse holders, these being 
mounted on a suitable card. 

A radio which was badly burned in 
a fire in Toronto recently was shown. 
The fire was caused by an extension 
cord, this being made of four different 
kinds and lengths of wire, each of 
which was less than two feet long, the 


joints being insulated with adhesive 
tape. 

A moving picture titled “Preventing 
Fires Through Electrical Safety” was 
also shown. It was obtained from the 
International Association of Electrical 
Inspectors, Publicity Department, and 
dealt with the cause of fires by elec- 
tricity through carelessness and non- 
compliance with Code rules. 

The attendance was most gratifying 
to the Association Management, the 
luncheons taxing the capacity of the 
Concert Hall and an overflow crowd 
being at the banquet. 

Colonel John Stilwell, a former 
Canadian, Vice-President of the Con- 
solidated Edison Company of New 
York and President of the National 
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Safety 

speaker. 
The picture, shown herein, was 

taken by G. M. Neff, Exhibit Manager. 


Council was the banquet 


Bar 


BO 


Mr. Neff was a former member of the 
Commission’s Staff, having worked in 
the Hydraulic Department in the days 
of the Chippewa Canal. 
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The High Frequency Testing of 
Insulation Between Iurns 
on lIransformer Coils 


By C. F. Book, Assistant Meter Engineer, H.E.P.C. of Ont. 


HE following is a description 
of the equipment and pro- 
cedure used in making insula- 
tion tests between turns on 

the coils of a transformer which was 
recently rebuilt at Queenston generat- 
ing station. The preliminary experi- 
mental work in connection with the 
method was carried out in the high 
voltage test room at Toronto Power 
transformer station with the _ co- 
operation of S. E. Thomson, who al- 
ready had available most of the equip- 
ment necessary for this purpose. 


LIST OF EQUIPMENT 

(1) High voltage transformer 110- 
220/45000 v., 25 cycles, 5 kw. 
(short interval rating). 
Rotating spark gap consisting 
of two metal discs 6 inches in 
diameter and % inch _ thick 
driven in opposite directions at 
about 3000 rev. per min. by 
means of an electric motor. 

(3) High voltage condenser, 45000 
v., micanite dielectric, oil im- 
mersed. 7 sections of 0.0033 
microfarad capacity per section. 


(2) 


MAY, 1940 


(4) High frequency coil consisting 
of two to four turns of No. 0 
copper, space wound on a 22 by 
34 inch wooden frame and pro- 
vided with means for rotation 
about an axis through the 
centre line of the longer dimen- 
sion. 
A resistance load box capable 
of limiting the current from the 
110 or 220 v. supply to about 
10 amperes. 
A high frequency choke con- 
sisting of a 54 turn coil of No. 
14 switchboard wire. Mean 
diameter of coil approximately 
10 inches. 

(7) A ealibrated sphere spark gap. 

In addition to the above, miscellan- 
eous items are required such as, wood- 
en horses for supporting the coil under 
test, pieces of plate glass to act as 
insulating spacers, Neon tube poten- 
tial testing device, connecting wire, 
etc. 


(5) 


(6) 


DESCRIPTION OF SET-UP 
The photographs (Figs. 1 and 2) 
and the diagram of connections (Fig. 
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Fig. 1—Showing between turn vasulation tests in progress on rebuilt 
transformer coils. 


Fig. 2—The high frequency coupling has been increased and the 
protective gap is sparking over. 
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3), give a general idea of the set-up. 

In Fig. 1 the coil (8) under test 
can be seen lying flat on the horses 
under the high frequency coil (4). 
The angular position of the high fre- 
quency coil determines the relative 
amount of flux from this coil which 


MAY, 1940 


will link the coil under test. This 
angle can be controlled while the cir- 
cuit is alive by means of the long in- 
sulated handle extending outward from 
the wooden frame of the coil. The 
sphere gap (7) can be seen on the far 
side, while the motor driven spark gap 
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(2), condenser (3), transformer (1), 
etc., are in the foreground. 


A single turn of wire (9) is laid 
over the coil under test for the purpose 
of duplicating the effect of a faulty 
turn. The ends of this wire are 
brought out in such a manner that 
they may be brought into contact with 
each other by pulling on a long piece of 
cotton insulating tape tied to one of 
the ends. This single turn for pro- 
ducing an artificial fault is separated 
from the coil under test by pieces of 
plate glass. 


PROCEDURE IN MAKING A TEST 
Suppose the equipment is set up in 
accordance with Fig. 3 and we are 
carrying out tests on 60 turn coils at 
1000 volts per turn. 


A coil to be tested is placed in posi- 
tion as shown in Fig. 1 and connected 
to the sphere gap which has been set 
for 60,000 volts. Everything is care- 
fully checked to be sure that every- 
thing is clear of the high tension cir- 
cuits. The rotary spark gap is then 
set in operation and the transformer 
This sets the high fre- 
quency oscillating circuit in operation. 
The coupling between the high fre- 
quency coil and the coil under test is 
now increased to its normal position, 
at which position the sphere’ gap 
The artificial fault is 
now placed on the coil by pulling on 
the cotton tape and the sparking of 
the sphere gap immediately ceases. 
The sphere gap immediately sparks 
over again upon release of the artifi- 
cial short circuit. The above behavior 
is taken as indication that the coil is 
satisfactory, for if. a coil is faulty, 
the sphere gap can not be made to 


is made alive. 


sparks over. 


spark over even when the coupling of 
the high frequency coil is increased 
considerably beyond its usual position. 


When testing a particular group of 
coils it may be found that the natural 
period of the coils has a critical value 
in relation to the test frequency. When 
this is the case voltage nodes, within 
the coil under test, may appear which 
can be detected by checking the poten- 
tial gradient across the coil by means 
of a Neon tube potential indicating 
device (see Appendix). If a particu- 
lar group of coils exhibits this be- 
havior it is necessary to adjust the 
test frequency to a different value by 
cutting in or out one or two of the 
condenser sections or by changing the 
number of turns in the high fre- 
quency coil. In cases like the above 
it is sometimes possible to get a re- 
versed action and to find that the 
sphere gap spills over when the short 
is applied. However, once a satis- 
factory frequency has been selected it 
should require no further adjustment 
when testing a particular group of 
coils. 

THEORY OF OPERATION 

While the 25 cycle voltage wave is 
increasing to the breakdown value of 
the rotating gap the condenser is be- 
ing charged and when the gap arcs 
over a low resistance oscillating cir- 
cuit is completed between the con- 
denser and high frequency coil. <A 
damped wave train is produced at the 
resonant frequency of the circuit but 
it is interrupted by the blowing out of 
the arc as soon as the 25 cycle voltage 
falls to zero. The process is repeated 
every half cycle. The peak value of 
the voltage across the generating high 
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frequency coil is the same as the po- 
tential across the condenser at the 
moment the rotating gap breaks down. 
The voltage in the generating high 
frequency circuit is therefore deter- 
mined by the breakdown voltage of the 
rotating gap. 

The voltage induced in the coil under 
test is dependent upon the mutual flux 
- linking the two circuits and turn ratio 
between the high frequency generat- 
ing coil and the coil being tested. 

A shorted turn in the coil under 
test shields the coil from the field of 
the generating coil and the induced 
voltage is then insufficient to cause 
spark over of the sphere gap. 


APPENDIX A 

The Neon tube potential indicating 
device consisted of an ordinary 110 to 
220 volt circuit tester tied crossways 
on a long switch stick in such a way 
that its leads could be brought close 
and parallel with any successive pair 
of turns in the coil under test thus 
forming an electrostatic coupling for 
the Neon tube. 


If an undesirable critical condition 
exists, the potential, as indicated by 
the brightness of the Neon tube, will 
not be uniform when the device is 


EE 


AS ae 


moved across the coil from the outer 
to the inner turns. 


APPENDIX B 

When testing the one group of coils, 
the high frequency coil had only two 
turns connected. The inductance was 
then approximately 7.3 microhenries. 
Adding an allowance of 3.5 microhen- 
ries for the leads in the high fre- 
quency circuit gives a total inductance 
of10.8. x. LO henry, 

Three condenser sections were used 
at this time giving a capacity of 
ba 0.008: microtarad. —20.99)<-10" 
farad. 

The resonant frequency based on 
the above would be 

1 
a > ena fa 
27 V ie 


1 
ZAK Cs 


2903s 0.99 x 10 


Although this is not in the stand- 
ard radio broadcast band it was never- 
theless thought that some local radio 
interference might be produced by the 
tests. Attempts at tuning in any 
such disturbance on an automobile 
radio in the vicinity while the tests 
were in progress were, however, with- 
out success. 
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The Thirty-second Annual 
Report 


HE Thirty-second Annual Re- 

port of The Hydro-Electric 

Power Commission of Ontario 

has been released and dis- 
tributed to the co-operating munici- 
palities. 

Although the work of the Commis- 
sion and the service it renders to On- 
tario municipalities has increased tre- 
mendously during the past 20 years, 
the size of the Annual Report has re- 
mained very much the same. This 
has been accomplished by a steady 
process of condensation. In view of 
war conditions the 1939 Report is 
somewhat smaller than in recent years. 
Certain interesting but not essential 
material has been eliminated for the 
time being, reducing the Report by 
nearly 100 pages. 

In spite of its reduced size, the 
large volume of statistical data in- 
cluded in the Report will be appreciat- 
ed when it is understood that, in addi- 
tion to the reports and general finan- 
cial statements respecting the Com- 
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mission’s work called for by The 
Power Commission Act, the Annual 
Report also contains balance sheets 
and operating reports for more than 
290 co-operating municipal Hydro 
utilities; details respecting the cost 
of power supplied to the utilities; 
tables of the rates for service to 
consumers, for all urban utilities as 
well as for 184 rural power districts, 
and detailed information covering 
the average cost of service, etc. These 
valuable continuing records of the 
operation of the local Hydro utilities 
extend over the past 25 years. 

Dr) Ts H-~ Hoge; -Ghairman: >and 
Chief Engineer, in the Introduction 
to the Report explains that, notwith- 
standing the tense European situation 
which over-shadowed activity every- 
where, the fiscal year of The Hydro- 
Electric Power Commission of On- 
tario which ended October 31, 1939, 
was a year of encouraging progress. 
Evidence of the increasing industrial 
activity throughout the Province was 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discus- 
sion of “Hydro” matters and to main- 
tain the co-operative sprit between 
municipalities, 
municipalities and the Commission. 
Articles of interest are invited for 
publication. 


reflected in increasing power loads. 
In fact for some months prior to the 
declaration of war the Hydro experi- 
enced substantial increases in loads, 
and not Hydro alone but other electric 
supply organizations across Canada. 
Since the war started these increases 
in load not only continued but were 
augmented as plants manufacturing 
war materials gradually increased 
their production. 

The Bulletin of January 1940 gave 
a summary of data covering the loads 
and finances of the Commission for 
the period covered by the Report, and 
accordingly we are not repeating them 


as well as between. 


here. Reference was also made to the . 
Commission’s war efforts, sales pro- 
motion work, service to mining loads 
and the growth of the rural systems. 


CAPITAL INVESTMENT 

The total investment of The Hydro- 
Electric Power Commission of On- 
tario in power undertakings and 
hydro-electric railways is $321,214,- 
964.50 exclusive of Government grants 
in respect of construction of rural 
power districts’ lines ($16,596,670.- 
63); and the investment of the 
municipalities in distributing systems 
and other assets is $124,907,581.46, 
making in power and hydro-electric 
railway undertakings a total invest- 
ment of $446,122,544.96. 


RESERVES OF COMMISSION AND MUNICI- 
PAL ELECTRICAL UTILITIES 

The total reserves of the Commis- 

sion and the municipal electrical utili- 

ties for depreciation, contingencies, 

stabilization of rates, sinking fund and 

insurance purposes amount to $216,- 


405,116.02. 


25 YEARS’ RECORD OF PROGRESS 

In the Foreword to the Report 
several interesting diagrams covering 
the past 25 years’ record in Ontario 
well illustrate the financial stability 
of the Hydro enterprise. Two of these 
Showing the growth of the Hydro 
utilities of the co-operating urban 
municipalities are reproduced herein. 


MUNICIPALITIES SERVED 
At the end of 1939 the Commission 
was serving 856 municipalities in 
Ontario. This number included 26 
cities, 103 towns, 300 villages and 
police villages and 427 townships. 
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THE Hypro-ELectric Power Commission OF ONTARIO 


HYDRO UTILITIES OF CO-OPERATING URBAN MUNICIPALITIES 
TWENTY-FIVE YEARS RECORD 
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THe Hypro-ELectric Power Commission OF ONTARIO 


HYDRO UTILITIES OF CO-OPERATING URBAN MUNICIPALITIES 
TWENTY-FIVE YEARS REVENUES 
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With the exception of 14 suburban sec- 
tions of townships known as “voted 
areas”, the townships and 117 of the 
smaller villages are served as parts 
of 184 rural power districts. 


MUNICIPAL ELECTRICAL UTILITIES 

The following is a summation of 
the year’s operation of the local elec- 
trical utilities conducted by munici- 
palities receiving power under cost 
contracts with the Commission: 


tem was $28,558,726.63, an increase of 
$990,889.85 as compared with the pre- 
vious year. After meeting all ex- 
penses in respect of operation, includ- 
ing interest setting up the standard 
depreciation reserve amounting to $2,- 
024,001.22 and providing $2,244,851.- 
41 for the retirement of instalment 
and sinking fund debentures, the total 
net surplus for the year for the muni- 
cipal electrical utilities served by the 


Total revenue collected by the municipal electrical utilities. ............ $35,289,790.70 


Cost of power 


Operation, maintenance and administration................. 
| ie Wee a OFS a a ed eter eee ee Oa NS 
Sinking fund and principal payments on debentures 
Depreciation and other reserveg.................. 


Surplus 


With regard to the local Hydro 
utilities operating under cost con- 
tracts, the following statements sum- 
marize for each of the four co- 
operative systems administered by the 
Commission, the financial status and 
the year’s operations. 


NIAGARA SYSTEM 

The total plant assets of the Niagara 
system utilities amount to $83,841,- 
361,16. The total assets, including an 
equity in the H-E.P.C. of $42,131,- 
257.65 aggregate $146,997,350.25. The 
reserves and surplus accumulated in 
connection with the local utilities, ex- 
clusive of the equity in the H-E.P.C., 
amount to $73,918,531.98, an increase 
of $4,576,674.81 during the year 1939. 
The percentage of net debt to total 
assets is 21.0 a reduction of 3.4 per 
cent. 

The total revenue of the municipal 
electrical utilities served by this sys- 
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$21,855,595.20 
6,028,440.01 
1,594,040.32 
2,420,441.30 
2,524,364.33 


34,422,881.16 


BCS aaa $ 866,909.54 


Niagara system amounted to $661,- 
463.52, as compared with $655,157.82 
the previous year. 


GEORGIAN BAy SYSTEM 

The total plant assets of the Georgi- 
an Bay system utilities amount to $2,- 
963,164.42. The total assets, includ- 
ing an equity in the H-E.P.C. of $1,- 
556,477.57 aggregate $5,087,865.66. 
The reserves and surplus accumulated 
in connection with the local utilities, 
exclusive of the equity in H-E.P.C., 
amount to $3,131,173.05, an increase 
of $43,585.36 during the year 1939. 
The percentage of the net debt to total 
assets is 11.9, a reduction of 0.4 per 
cent. 

The total revenue of the municipal 
electrical utilities served by this sys- 
tem was $1,262,884.52, an increase of 
$22,794.81 as compared with the previ- 
ous year. After meeting all expense in 
respect of operation, including inter- 
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est, setting up the standard deprecia- 
tion reserve amounting to $91,562.00 
and providing $45,147.28 for the re- 
tirement of instalment and sinking 
fund debentures, the total net loss for 
the year for the municipal electrical 
utilities served by the Georgian Bay 
system amounted to $26,897.01 as 
compared with a surplus of $75,450.57 
the previous year. 


EASTERN ONTARIO SYSTEM 

The total plant assets of the Eastern 
Ontario system utilities amount to 
$9,149,235.27. The total assets, in- 
cluding an equity in the H-E.P.C. of 
$2,216,217.14, aggregate $13,968,432.- 
79. The reserves and surplus accumu- 
lated in connection with the local 
utilities, exclusive of the equity in 
H-E.P.C., amount to $9,601,338.05, an 
increase of $498,720.88 during the 
year 1989. The percentage of net 
debt to total assets is 11.6, a reduction 
of 0.7 per cent. 

The total revenue of the municipal 
electrical utilities served by this sys- 
tem was $3,756,724.57, an increase of 
$220,165.01 as compared with the pre- 
vious year. After meeting all ex- 
penses in respect of operation, includ- 
ing interest, setting up the standard 
depreciation reserve amounting to 
$244,696.81 and providing $109,910.04 
for the retirement of instalment and 
sinking fund debentures, the total net 


surplus for the year for the municipal 
electrical utilities served by the East- 
ern Ontario system amounted to $162,- 
451.40 as compared with $243,365.46 
the previous year. 


THUNDER BAY SYSTEM 

The total plant assets of the Thun- 
der Bay system utilities amount to 
$2,765,875.55. The total assets, in- 
cluding an equity in the H-E.P.C. of 
$2,711,344.58, aggregate $6,518,524.- 
21. The reserves and surplus accu- 
mulated in connection with the local 
utilities, exclusive of the equity in 
H-E.P.C., amount to $3,285,462.74 a 
decrease of $64,771.10 during the 
year 1939. The percentage of net 
debt to total assets is 9.8 an increase 
of 0.3 per cent. 

The total revenue of the municipal 
electrical utilities served by this system 
was $1,239,241.83, an increase of $60,- 
066.24 as compared with the previous 
year. After meeting all expenses in 
respect of operation, including inter- 
est, setting up the standard deprecia- 
tion reserve amounting to $46,174.94 
and providing $10,450.26 for the re- 
tirement of instalment and sinking 
fund debentures, the total net loss for 
the year for the municipal electrical 
utilities served by the Thunder Bay 
system amounted to $11,352.00, as 
compared with a net loss of $16,900.17 
for the previous year. 
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Safety Glass for Motor Vehicles 


By H. F. Davidson, Photometric Section, H.E.P.C. Laboratory 


HE last few years have seen 

the universal adoption of 

safety glass for the glazing 

of motor vehicles. Like other 
manufactured products, its conform- 
ance to specifications is determined 
by test. This article will be confined 
to a description of the two types of 
safety glass and the various tests to 
which they are subjected. 

Safety glass is made by treating or 
combining glass with other  sub- 
stances so that when fraetured it will 
not fly into fragments that may cause 
severe cuts. ‘The two types of glass 
used for motor vehicles are laminated 
and heat-treated. 


LAMINATED GLASS 

Laminated safety glass was first in- 
vented in 1905 by John Crewe Woods. 
It consists of two layers of glass held 
together by an intervening layer or 
membrane of plastic material. Some 
plastics that have been used are cellu- 
lose nitrate, cellulose acetate and 
acrylate resin. The brown discoloura- 
tion so evident in early safety glass 
was due to the action of sunlight on 
the plastic. The cellulose acetate 
plastic was used by some manufac- 
turers as it was not subject to dis- 
colouration by the sun’s rays to the 
same extent as cellulose nitrate. The 
discolouration was also greatly re- 
duced by the use of a special glass 
with a higher iron content which ab- 
sorbed the harmful rays of the sun 
and thereby protected the plastic. 
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A decided improvement in laminated 
safety glass was the development, a 
few years ago of vinyl plastic. This 
plastic is made by compounding Vinyl- 
ite and a plasticizer and is used by 
most safety glass fabricators on this 
continent. The compound is converted 
into sheets by pressing into blocks and 
slicing to the desired thickness or by 
reducing with the addition of volatile 
solvents, extruding through an orifice 
and drying to eliminate the solvents. 
The plastic is then placed between 
sheets of glass and subjected to heat 
and pressure which causes the plastic 
to adhere to the glass. The new plastic 
practically eliminates discolouration, 
and has a greater strength at all tem- 
peratures. It also has a high resist- 
ance to moisture and does not require 
the sealing of the edges as was neces- 
sary with most of the older glasses. 
To cut the glass to size, it is scored 
and cracked on both sides and 
pulled apart sufficiently for the in- 
sertion of a razor blade to cut the 
plastic. 

Laminated glass is generally made 
in three different grades, namely, 
plate, sheet and a combination of plate 
and sheet. Plate glass is ground and 
polished on both sides to approxi- 
mately plane and parallel surfaces. 
Sheet glass has the original fire finish 
on both sides or ground and polished 
on one side only. The better grades 
of sheet glass are equal to plate glass 
with regard to distortion of vision. 
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HEAT TREATED GLASS 

Heat treated glass is ordinary plate 
glass which has been subjected to a 
“toughening” process that results in 
a large increase in strength. This 
glass is known by several trade names 
such as “Armourplate,” “Securit” 
and “Triplex Toughened.” 

During manufacture, the glass is 
first cut to size as it cannot be worked 
to any extent after treatment. It is 
then suspended by tongs and placed 
in a furnace. After the glass has 
been uniformly heated to the soften- 
ing temperature, it is removed and 
rapidly cooled by blowing air on both 
surfaces. The heating and cooling 
processes must be very carefully con- 
trolled to assure a uniform product 
of high quality. 

The rapid cooling chills the sur- 
face layers of the glass which in 
their attempt to contract about the 
core, commence to stretch and con- 
tinue to do so until solidified. The 
core, which is still very hot, due to 
the poor thermal conductivity of 
glass, will then gradually cool and 
attempt to contract. The restraint 
of the solidified surfaces on the con- 
traction ofthe core results in what 
might be termed a glass sandwich in 
Which the outer layers are in com- 
pression and the centre is in tension. 
It is believed that this three-layer 
structure is responsible for the great 
strength of heat-treated glass. 

When heat-treated glass is broken 
at any point, the whole piece will 
break into small granular fragments. 
This is due to the fact that removal 
of a chip from one of the outer com- 
pression layers of the highly stressed 
glass upsets the balance and causes 


the glass to shatter. The size of 
the fragments of the broken glass 
will depend on the intensity of the 
stresses which, in turn, depend on 
such characteristics as the rate of 
cooling, thermal conductivity of the 
glass, its specific heat, etc. 

The facts that heat-treated glass 
has a very high resistance to frac- 
ture by impact and when fractured 
breaks into small fragments, none of 
which have sharp edges, make it suit- 
able for use as safety glass in motor 
vehicles. It can also be made in 
the form of curved sheets with less 
difficulty than laminated glass. 

SAFETY GLASS TESTS 

There are several tests which are 
applied to safety glass depending on 
the particular specification adopted. 
The most widely used specifications 
are those of: the American Standards 
Association and the British Stand- 
ards Institute. As there is no such 
thing as ideal safety glass, specifi- 
eations could not be arbitrarily 
established but were based on the 
results of tests of good quality glass 
of the different manufacturers and 
which was made by standardized and 
reproducible processes. 

The tests required by the American 
Standards Association are:— 

1. Discolouration test. 

. Humidity test. 

. Boil test. 

. Ball drop (10 feet) test. 
Fracture test. 

. Shot bag test. 

. Dart test. 

. Ball drop (16 feet) test. 
. Visibility distortion test. 

Heat treated glass must comply 
with: tésts Nos. 1, 2, 3,-4, 5, and 6. 
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radiation for this test. The equip- 

ment is illustrated in Fig. 1. The 


Fig. 1—Equipment used for dis- 
colouration test on safety glass. The 
quartz mercury arc lamp is located 
over the centre of the turn-table. A 
fan serves the double purpose of ro- 
tating the turn-table and cooling the 
glass samples. 


Laminated glass must comply with 
Nos. 1, 2, 3, 7 and 8 for side and rear 
windows and also No. 9 when used 
for windshields. 

The present specifications are not 
final but may be amended from time 
to time as improved products and 
better testing methods become avail- 
able. 


Discolouration Test 

This test is conducted in order to 
determine, in a short time, the effect 
of exposure of the glass to sunlight. 
A powerful source of ultra-violet 
radiation, such as a quartz mercury 
arc lamp supplies the necessary 
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glass, each specimen of which has %% 
of its area exposed, is held in a frame 
on the turn-table. Uniform exposure 
on all specimens is obtained by ro- 
tating the turn-table. Due to the 
heat of the lamp, it is necessary to 
cool the glass with a fan during the 
test. 

After the required period of irra- 
diation, the percent transmission of 
the exposed and unexposed areas of 
the glass is measured. Tihe discolour- 
ation is generally very slight and no- 
ticeable only when the glass is placed 
on a white background. A few years 
ago a good quality safety glass would 
lose about 2 or 3 percent in trans- 
mission factor due to exposure to 
the ultra-violet. Improved plastics 
have reduced this practically to zero. 

Following the exposure to the ultra- 
violet, the specimens are immersed 
in boiling water for a short time as 
a check on any possible reaction due 
to the ultra-violet which may not be 
otherwise noticeable. Should bubbles 
or other decomposition take place, it 
would constitute a failure. 
Humidity Test 

The object of the humidity test 
is to determine the ability of the 
glass to withstand moisture in the 
atmosphere for an extended period. 
The specimens are maintained at a 
relative humidity of approximately 
70 percent for two weeks. 

Satisfactory glass will show no 
separation of materials other than 
occasional small spots close to the 
edges. 

Boil Test 
The boil test is used to determine 
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Fig. 2—Impact test equipment. 
ounces and the shot bag 11 pounds. 


the ability of the glass to withstand 
high temperatures. As this is not a 
thermal test, the specimens are pre- 
heated and then immersed in boiling 
water for two hours. There must be 
no separation of the glass from the 
plastic. 


Ball Test (10-foot drop) 

The ten foot ball test is made on 
heat-treated glass to determine 
whether it has a certain minimum 
strength. A one-half pound steel 
ball is dropped from a height of 10 
feet on the centre of the 12-inch 
Specimen supported in a wooden 
frame. Fig. 2 shows the frame and 
ball used in tthis test. 


This test is conducted on a rela- 
tively large number of specimens 


The dart weighs 7 


ounces, the bail 8 


which must withstand the 
without cracking or breaking. 


impact 


Fracture Test 

This test is also applied to heat- 
treated glass, and is a continuation 
of the ten foot ball test with a view 
to determining the fracturing char- 
acteristics. The same specimens are 
used and the ball is dropped from 
increasing heights until the glass 
breaks. 

A certain maximum weight is 
specified for the largest fragment of 
broken glass free from cracks. Fig. 
3 (A) shows the result of fracture 
of a specimen of heat-treated glass. 


Shot Bag Test 
The minimum strength of heat- 
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igus: 
(A)—Typical fracture of heat-treated glass. 
(B)—Typical fracture of laminated glass in the dart test. 
(C)—Fracture resulting from a severe impact on laminated glass using an 
older type plastic. The sample has broken into several pieces. 
(D)—Fracture resulting from the same severe impact as in (C) on 
laminated glass using a new type plastic. 


treated glass under the impact of height of eight feet on the centre 
a large object is determined by this of the specimen. In order to con- 
test. The glass is supported in the form to the requirements, the glass 
wooden frame and the shot bag, must not break or crack when sub- 
shown in Fig. 2, is dropped from a_ jected to this test. 
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Dart Test the other a new type, were subject- 


The dart test is applied to lamin- 
ated glass to determine the behaviour 
when struck by a small hard object. 
The dart, shown in Fig. 2, is dropped 
freely from a height of 10 feet to 
strike the specimen at the centre. 
The glass is judged by the amount 
of glass leaving the specimen and 
the locations from which it has be- 
come detached. 

Fig. 3 (B) illustrates a fracture 
resulting from the dart test. 


Ball Test (16-foot drop) 

The object of the sixteen foot drop 
ball test is to determine whether lam- 
inated glass has been properly made 
and has a certain minimum strength. 
As this test is designed to show 
whether the glass approaches the 
most satisfactory combination of de- 
sirable properties the impact is made 
as severe as possible consistent, of 
course, with the strength, resistance 
to impact and adhesion of the glass 
and, plastic. 

A one half pound steel ball is drop- 
ped from a height of 16 feet striking 
the glass at the centre of the speci- 
men. The glass is in a state of ther- 
mal equilibrium and supported in the 
usual wooden frame. The severe im- 
pact often breaks the specimens into 
separate, large pieces, but should 
this happen to more than two out of 
ten specimens of any one brand, it 
constitutes a failure. Another cri- 
terion in this test is the area of plas- 
tic exposed by the impact. 

To illustrate the improvement in 
plastics in the last few years, two 
specimens of laminated safety glass, 
one using an older type plastic and 


ed to a severe impact test under ex- 
actly the same conditions. The re- 
sult of the impact is shown in Fig. 3 
(C) for the old type plastic and in 3 
(D) for the new type. Note that the 
glass made with the old type plastic 
has broken into several pieces. 


Visibility Distortion Test 

In order that safety glass will be 
suitable for use in windshields, it 
must not seriously distort vision. The 
following ‘test is used to determine 
the suitability of glass for windshield 
use. 

A line is projected by a lantern on 
a screen. Tihe glass specimen is 
moved across the beam at right ang- 
les to the direction of the projected 
line and at a distance of 25 feet from 
the screen. The degree of distortion 
caused by the glass will be indicat- 
ed by the movement of the projected 
line as seen on the screen. The 
specification sets limits for the move- 
ment of this line and glass intended 
for windshield use must comply. 


CONCLUSION 

Safety glass which successfully 
withstands the foregoing test can 
be expected to give good service in 
motor vehicles when exposed to sun- 
light, moisture and high temperatur- 
es. The tests also indicate that the 
glass has a reasonably high resist- 
ance to fracture by impact and when 
broken is not likely to cause severe 
cuts. 

Some of the tests in use at the 
present time give consistently nega- 
tive results and it is probable that in 
future specifications they may be 
omitted. One such test is the boil 
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test. It may be advantageous, how- 
ever, to add other tests such as a 
uniformity test for heat-treated glass 
by observation in a polariscope. It 


Se 


is also known that safety glass does 
not retain its desirable properties to 
the same degree at extremely low 
and high temperatures. 


So S&F 


The Care of Poles 


By T. H. Chisholm, Chemist, H.E.P.C. Laboratory 


TREE of sufficient size to 
make a first-class pole for 
power transmission is not 
of very great value. How- 

ever, after it is cut down, trimmed, 
peeled and shipped to the pole yard, 
its value has increased several times, 
and when it is placed in the transmis- 
sion line it becomes a rather valuable 
unit. 

Ags it is often necessary to have a 
number of poles on hand at all times 
for replacement and new construction, 
eare should be taken in the storage of 
these poles so that they will remain in 
a sound condition up to the time of 
erection. | 

For storing poles, a dry location, 
generally free from shade, should be 
selected. Having chosen a suitable 
site, the ground should be cleared of 
all chips, decayed wood and other 
vegetation. To prevent a new growth 
of grass or weeds the ground should 
be sprayed with creosote oil at inter- 
vals, or treated by some other suitable 
means. 

The poles should be piled on suit- 
able skids of a height such that the 
poles will be at least 114 feet above the 
ground. The skids, if made of timber, 
should be sound and preferably pres- 
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sure treated with creosote. If it is 
not convenient to pressure creosote 
the skids, they should be given a brush 
coat of creosote at intervals. 

When poles are piled on the skids it 
is desirable to have them stacked 
loosely to allow free circulation of air 
through the piles. The space between 
the skids should be left open to permit 
free air circulation under the pile. It 
is important that the poles should 
shed as much water as possible during 
wet weather, and free circulation of 
air is necessary to permit evaporation 
of moisture from the poles in dry 
weather. This will help prevent the 
rapid growth of fungi with which all 
poles are infected. 

Often when poles are to be stored 
for an extended period, the applica- 
tion of some protective coating is ad- 
visable. The coating used should be 
of a nature that will allow “‘breathing’”’, 
i.e. the passage of air and water vapor 
through the surface. Creosote oil is 
satisfactory for this purpose. Our 
experience indicates that paint should 
not be used as the moisture which 
enters the pole through checks, spur 
cuts, etc., is trapped under the paint 
film. This condition contributes to 
rapid decay. See also extracts from 
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Current Publication and Trade Bul- 
letin below. 

Where new untreated poles are to 
be erected in more densely populated 
areas, the brightness of the new wood 
is sometimes objectionable until it 
reaches a weathered appearance; how- 
ever, where it is desirable to darken 
the pole, creosote oil, which gives the 
surface a dark brown color, is the most 
satisfactory material. If a coating of 
a different color is desired, a good 
grade of shingle stain could be used 
or a tar free creosote mixed with a 
paste pigment (pigment ground in oil) 
in the ratio of two pounds of pigment 
per gallon of oil. 

The Western Red Cedar Association 
states in their Bulletin number 31: 


“Experiences in many places 
throughout this country have shown 
conclusively that painting poles with 
a heavy oil paint contributes directly 
to sapwood decay. A heavy coat of 
high grade drying oil paint tends to 
seal the pole surface. Water gains 
entrance into sapwood through spur 
holes and other breaks in the paint 
and is greatly retarded in evapora- 
tion. This prevents the normal 
rapid drying of the sapwood and 
creates conditions that directly 
foster decay. 

“The dressing up of poles ana 
pole lines is highly commendable, 
but the use of drying oil (such as 


linseed) paints is definitely dis- 
couraged. A good grade of wood 
stain, similar to that used on 
shingles, is recommended. It may 
carry the same color pigment as the 
paint, give the same appearance, 
last as long as necessary and does 
not seal the pole surface. It serves 
the same purpose, that of appear- 
ance, as paint; does not contribute 
to sapwood decay and is much less 
expensive.” 

The Bell Lumber and Pole Company, 
of Minneapolis, states on page 25 of 
its Technical Catalogue on Cedar 
Poles— 

“The use of paint of any kind for 
coloring poles when such coloring is 
required under City ordinances, is 
not recommended. Research has 
shown that such painting of poles is 
an important contributing factor to 
the setting up of conditions causing 
much earlier deterioration of sap- 
wood than would otherwise pre- 
Val lees 

““A good stain to use, one which 
does not seal the surface, but which 
allows free moisture evaporation 
from the sapwood, is a ground in 
oil paste and uncolored creosote oil, 
mixing approximately one pound of 
paste to one gallon of oil, prefer- 
ably mixing in small quantities and 
putting on with a spray gun. Any 
color desired can be obtained... .” 
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Investigation of 
Artificial Ground Terminals 


By the Grounding Committee, H.E.P.C. of Ontario 


(Continued from May) 


B. FROST 


A comparison was then made be- 
tween the actual temperature and 
rainfall for Toronto and vicinity dur- 
ing the period of test, and the normal 
as calculated by the Meteorological 
Office. 


The temperature curves show that 
the winter of 1932-33 was particularly 
mild, having only two points below 
the normal. This condition was re- 
flected in the depth of frost pene- 
tration. The winter of 1933-34 was 
particularly severe, having ten weeks 
of sub-normal temperature which 
forced the frost down to great depths. 
Discrepancies appear at Stations 1 
and 2A where the frost penetration 
was about the same both . winters. 
This is explained by the fact that both 
these locations were covered by a 
heavy blanket of snow during the 
coldest part of the latter winter. 


In 1932 the first frost was observed 
on December 2nd and it had pene- 
trated about the same depth, four or 
five inches, at all stations. However, 
the first frost the next winter, on De- 
cember 15, 1933, penetrated to about 
7 inches in the clay and loam but went 
to 18 inches in the sand and gravel. 
The same rapid penetration in light 
soil was noted after each very cold 
period. The same characteristic was 
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noted with regard to the thawing of 
soll. In 1933 it required a week 
longer for the clay to thaw than the 
lighter soils; in 1934 it required three 
weeks longer in spite of the fact that 
the frost had penetrated 45 in. in sand 
and gravel as against 24 in. in clay. 

Frost penetration and thaw were 
much more rapid in disturbed soil 
than in undisturbed soil. 

The effect of frost on ground ter- 
minal resistance is quite apparent 
since in every case the maximum oc- 
curred during frost condition. 

The effect is particularly interest- 
ing on shallow terminals. It was 
noted that as soon as the frost line 
approached the depth at which the 
terminals were installed the resist- 
ance increased from 200 to 3600 per 
cent. This percentage increase is ap- 
parently independent of the soil be- 
cause it varied widely at all locations. 

Comparing the 10 ft. mesh, 24 in. 
deep, with the 45 ft. copper strip at 
the same depth we have the following 
results. (See table at top of next 
page). 

The 45 ft. strip only is mentioned 
as being comparable to the mesh and 
in every case is shown to be much 
superior; in fact the 15 ft. strip was, 
in some cases, better than the mesh. 

A comparison of the two types of 
mats is not conclusive but in view of 
the superiority of strip as a shallow 
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10 ft. Mesh 45 ft. Strip 

Station Soil 
Nace Max. Res. Min. Res. | Max. Res. Min. Res. 

1A 155 46 | 87 18.5 | Loam—Rock 

| at-6. Tt. 

2A 118 19.5 30 PALO Clay 

3A 2750 140 1100 58 Gravel 

4A 2750 115 800 50 Sand 


terminal the mesh may be disre- 
garded. However, the results are as 
follows: 


ductivity of the rod the resistance of 
the rod below the frost line is also 
affected seriously and this may be 


; Mat Max. Min. 
rveeaueel Soil Resist- Resist- 
Size Depth ance ance 
1 Loam—Rock 3-5 ft. ...| 20 ft. by 3 fit. 10 in 175 14.7 
1A Loam—Rock at 6 ft. ...| 10 ft. by 3 ft. 24 in 155 46 
2 Clay 22 cen eee 20 ft. by 3 ft. 10 in 400 17 
ZA Clay 2 ee 0 1O-tt. bya tt 24 in 118 19.5 
3 Gravel oo eee 20 ft. by 3 ft. 10 in 1350 78 
3A Gravel!ie)-/ meet ee ee Be 10 ft. by 3 ft. 24 in 2750 140 
4 Sand ae ae oeOat ts VieeLt 10 in 1500 100 
4A Sand’<16 eee 10 ft. by 3 ft. 24 in 2750 115 


It is evident from examination of 
the data observed on deep terminals 
that there is a definite effect from 
frost beyond that which may be at- 
tributed to the insulating by frozen 
earth of the upper part of a rod ex- 
tending to the frost line. 

It appears reasonable to suppose 
that on account of the thermal con- 


caused (1) by a depression of the 
frost line immediately surrounding 
the rod or (2) it may be caused by 
the prevention of percolation of water 
into the earth by the frozen surface 
soil or (8) it may be caused by both 
of these conditions. 

A comparison of treated and un- 
treated 10 ft. steel rods would indi- 


Station | Term Size of Max Min. 
Number Number Terminal | Res Res. 
3 C 10 ft by %4in. | 1600 400 
8 B 10. ft. by % in. 1100 270 
4 A 17% ft. by 14 in. 1400 340 
4 B 20 ft. by %& in. 175 390 
4 C 21 ityby-% in 650 / 230 
3 A 21. ftby Sin. | 75 | 46 
3 D al oft. by “ine | 53 31 
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cate that, apart from the lower resist- 
ance of the former, there is little to 
choose between the all-season charac- 
teristics of the two types. On the 
average the frost apparently affects 
them about equally. 


those caused by the severe frost con- 
dition during the winter of 1933-34. 

The meagre snowfall during the 
past winter was a major factor in the 
unprecedented frost penetration. The 
exceptions are station No. 1 which is 


; 10 ft. Rod Plain 10 ft. Rod S.T. Basin 10 ft. Rod S.T. Tile 
Station : 
Number 

Max. Min. Max. Min. Max. Min 
1 70 Al 45 11.5 80 15.3 
1A 230 57 52 18.1 60 18.0 
2 71 29 20.2 10.1 16 9.5 
2A 50 26 15.4 9.9 15.5 9.8 
3 900 200 710 40 900 60 
BA 3000 330 480 78 710 100 
4 1750 400 400 15 510 92 
4A 450 120 170 5 540 110 


_ Although frozen soil is a poor con- 
ductor at any time the conductivity is 
considerably decreased as the tem- 
perature drops further below 32 deg. 
fahr. 

C. PRECIPITATION 

The curve comparing the actual 
precipitation for the test period with 
the normal reveals the fact that the 
actual was considerably below the nor- 
mal, except in the fall of 1982. The 
summer of 1933 was particularly dry 
with an average monthly rainfall of 
about 1.75 in. as against the normal 
of approximately 3 in. per month. 
Snowfall was much below average 
both winters but more so during 
1933-34. 

All these variations are clearly re- 
flected in the resistance curves. Many 
of the minimum values were reached 
during August and November, 1932, 
on account of the copious rainfall. 
The summer of 1933 produced a 
drought condition which increased re- 
sistances to values second only to 
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in a sheltered location protected from 
direct sun, and station 2A on which 
the snow drifted to a depth of 3 to 
4 feet and remained all winter. 

The effect of spring moisture, i.e., 


melting snow, produces a very marked 


decrease in resistance but since it oc- 
curs at the same time as the thawing 
of the soil it is hard to separate the 
effects. However, it will be noticed 
that the resistance continues to drop 
after the frost is all out and this lat- 
ter decrease is the direct result of the 
excess moisture. This continued down- 
ward trend obtains for two or three 
weeks and is slightly longer in heavy 
soil than in sand or gravel. 

The effect of a heavy rainfall is 
almost immediately apparent in light 
soil, and particularly on shallow ter- 
minals. The effect is not quite so 
marked in clay but is more lasting. 

This variation from week to week, 
or even day to day, is apt to be con- 
fusing, particularly during the criti- 
cal periods in spring and fall. 
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D. SOILS more slowly and takes longer to 


The four soils chosen for this test 
show in the observed values variations 
through the seasons which are quite 
different for each. It should be noted 
that stations No. 1 and 1A, shallow 
soil over rock, are perhaps not truly 
typical of this soil condition in that 
they were both located in the Humber 
valley near the river bank and shel- 
tered in the summer from direct sun 
and in the winter accumulated a good 
snow cover. The other locations were 
in open country and should be quite 
typical. 


Shallow Soil Over Rock 

This condition obviously makes the 
use of leng rods impossible unless 
driven at an angle to the vertical. 
However, the main difference between 
the slanted rod and the horizontally 
placed shallow terminal is that the 
driven rod will always have its lower 
portion close to the rock where moist- 
ure may be expected, and will be in 
undisturbed soil. The results of this 
test show that the copper strip 45 
feet long has a greater range of fluc- 
tuations than the 10 foot rod driven 
to the rock in a slanted position, the 
high values being the same and the 
low in favor of the strip. The curves 
show the strip more seriously affect- 
ed by frost and drought. 


Clay 

The results show clay to be the 
most consistent of all soils in its per- 
formance through the seasons. Being 
one of the more dense soils all the 
changes are accomplished at a slower 
rate. Frost penetrates more slowly 
than in gravel or sand and thawing is 
more gradual. Moisture percolates 


dissipate. 

The range of the resistances of all 
terminals is smallest in clay. 
Gravel and Sand 

Both gravel and sand are loose, 
porous soils and behave with marked 
similarity. Since both have large 
proportions of high resistance ma- 
terials such as silica, slate, ete., in 


their composition, such _ similarity 
might properly be expected. 
Frost penetration in sand and 


gravel is very rapid and also very 
deep as compared to clay. Thawing 
is also much faster in the light soils, 
and moisture soaks away quickly. 

These conditions produce a great 
range of resistance values, generally 
high, for all terminals and particu- 
larly the shallow ones. Since light 
soil does not retain moisture very well 
such land is particularly affected by 
drought. So far as ground resistance 
is concerned drought is almost as bad 
as frost condition for the shallow ter- 
minals. 


E. Som. TREATMENT 

Four types of salt-treated terminals 
were experimented with, namely 
basin, tile, copper tube, and 8 ft. 
by 1 in. perforated pipe. The two lat- 
ter were based on the same principle 
of pouring brine down inside the ter- 
minal and having it seep out the holes 
and into the soil immediately around 
the pipe. (See table at top of next 
page.) 

The above table shows quite defi- 
nitely that the basin type gives a 
lower resistance all year round than 
the tile type, and this is most pro- 
nounced in sand and gravel. The dif- 
ference is accounted for by the small- 
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10 ft. by % in. Steel Rod 
8 ft. by 1 in. 6 ft. by % in. 
Station Basin Type | Tile Type Perf. Pipe Copper Tube 
Number : / 
Max. | Min. | Max. | Min. | Max. | Min. Max. Min. 
1 45 LES 80 15.3 195 33 ae his 
NaCl 
1A 52 18 60 18 105 32 100 32 
NaCl 
2 20.2 10 16 9.5 45 19 62 24 
CuSO, 
2A 15.4 9.9 15.5 9.8 27 14.8 69 32 
NaCl 
3 710 40 900 60 1300 210 1500 145 
CuSO, 
3A 480 78 710 100 770 108 2550 280 
CuSO, 
4 400 75 510 92 1020 155 1400 290 
| NaCl 
4A 170 50 | 540 110 1400 200 1800 175 


er capacity of the tile and because the 
top 2 ft. of rod is insulated by the 
tile. 

These tests indicate the order of 
preference to be:— 

1. Basin Type. 

2. Tile Type. 

3. 8 ft. by 1 in. Perforated Pipe. 

4. 6 ft. by 5/8 in. Copper Tube. 

The experiment with two types of 
salt solutions on the copper tubes 
shows that the NaCl solution is su- 
perior to CuSO, solution. 

The basin and tile at stations 1, 2, 
3 and 4 were subjected to accelerated 
action by pouring a pail of water on 
each, every week till October 28, 1932. 

The accelerated action apparently 
used up all the salt in four to six 
months, at the end of which time the 
resistance began steadily to increase. 
The corresponding terminals without 
acceleration were only slightly higher 
in May, 1934, than during their low- 
est period in November, 1932. This 
would indicate that the life of salt 
treatment in sand and gravel is some- 
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what over two years, with a steady 
downward trend for about four 
months after installation. 

Salt treated terminals in clay have 
shown no upward trend in two years. 
F. SPECIAL TERMINALS 

At stations 1 and 1A there was 
approximately 4 ft. and 6 ft. of soil 
respectively and the rods were driven 
on the slant. At the former the all- 
season characteristics were similar to 
those for rods driven straight down 
to depths of 6 ft., 8 ft. and 10 ft. in 
similar soil, but were much better 
than expected. This was due to the 
marshy nature of the soil, there be- 
ing a layer of water-soaked earth next 


-to the rock. At station 1A the re- 


sistance of the slanted rods was very 
erratic. This was likely caused by the 
good drainage through the light soil 
and along the rock. 

The T-shaped rods which were in- 
stalled at several stations were found 
to have characteristics almost identi- 
cal to the 34 in. round rods of similar 
length. 
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The spear head type terminals were 
found to be excessivly high in resist- 
ance and quite erratic in performance, 
probably because the disturbed soil 
was not making positive contact with 
the copper lead wire. 


At station No. 2A a % in. star- 
shaped solid copper rod was driven. 
Its original length was 10 feet but it 
was too soft to drive full depth in the 
clay and was cut off 3 feet from the 
top. The minimum resistance com- 
pared favorably with the 6 ft. and 8 
ft. steel rod but the percentage varia- 
tion in frost was considerably greater. 
This was probably due to the better 
heat conducting properties of copper 
which would depress the frost line 
immediately around the terminal. The 
extra area of contact was evidently 
unimportant. 


CONCLUSIONS 


The matter herein might better be 
classed as ‘observations’. Some of 
the statements made here are neces- 
sarily a confirmation of conclusions 
which are already generally accepted. 
This by no means detracts from their 
value. 


In studying the performance of the 
various terminals in the different 
classes of soil, it will be essential to 
keep in mind that the classes of soil 
chosen at the test stations are typical, 
but that in actual practice innumer- 
able variations will be found. Particu- 
larly it must be kept in mind that 
where a high resistance soil overlies a 
low resistance soil, the depth of the 
former will vary greatly at different 
locations. 

It is generally recognized that the 
value of a terminal, such as a driven 


rod, increases with its length. It 
should be understood that the im- 
provement is due principally to the 
fact that the longer rod contacts usu- 
ally with a lower resistance soi! hav- 
ing a greater and more constant 
moisture content. At some depth, 
which is not the same for all soils and 
conditions, the rod will have reached a 
location which is practically unaffect- 
ed by temperature, precipitation, etc., 
through the changing seasons. 

The fact that a lowered resistance 
may be obtained by installing ter- 
minals in parallel is also well known. 


The practical application of the 
above facts, i.e, improvement by 
greater depth and improvement by 
adding terminals in parallel, must be 
made with careful consideration to ob- 
tain the desired result. While each 
location might be investigated to de- 
termine the cheapest method of lower- 
ing the resistance, in practice this is 
evidently impractical. Therefore a 
standard terminal must be chosen, 
which without being too expensive 
will be satisfactory for a large per- 
centage of the installations to be 
made. 

In general it may be stated, and 
exceptions will frequently be found, 
that greater length of rod wiil be 
more effective than the addition of 
rods in parallel; also that for economy 
the length of rod will be limited only 
by the difficulty experienced in 
driving. 

The value of a terminal wholly sur- 
rounded by frozen soil is practically 
nil and frost may reach a depth in 
excess of 4 ft. 

Frost penetration is much more 
rapid and the penetration is deeper in 
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light soils than in heavy soils. Thaw- 
ing is also accelerated in light soils. 


A blanket of snow greatly reduces 
the frost penetration. 


In general the minimum resistances 
are found to occur in the spring just 
after the frost leaves the ground. 


Soil treatment is definitely valuable 
in all soils, but the lasting effect of 
an application is much more pro- 
nounced in dense soils than loose soils. 
In sandy soils where the need of treat- 
ment is greatest more frequent re- 
newal of the treatment is required 
than in clay. 


The beneficial result of salt treat- 
ment in clay soil is remarkable and it 
may therefore be economical to salt 
treat single rods in preference to in- 
stalling extra rods. 


The “basin type” of salt treatment 
appears to be better than the “‘tile 
type”. Both of these show a steady 
downward trend of resistance for 
about four months and an effective 
life of more than two years in light 
soils and probably very much longer 
in dense soils. 


Treated terminals, as compared to 
untreated, show improved _ results 
throughout all seasons, and the per- 
centage variations of resistance 
through the seasons is approximately 
the same for treated and untreated 
terminals. 

Common coarse salt was found to 
be a better material for soil treatment 
than copper sulphate and 100 Ib. 
would appear to be a suitable quantity 
to treat one rod. 

In some soils and under some con- 
ditions drought may affect the resist- 
ance to as great an extent as frost. 
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In the case of driven rods, unless 
the rod has penetrated to permanent 
moisture, the resistance will vary 
noticeably from week to week, being 
dependent for its efficiency on the sup- 
ply of moisture percolating througk 
from the surface, and as would be ex: 
pected the variation is more pro 
nounced in light than in heavy soils. 

Where shallow terminals are used, 
the strip appears to be superior to the 
mesh for comparable installation 
costs, but the general use of shallow 
terminals will undoubtedly be limited 
to conditions where deep terminals 
are impractical. 

In analyzing the data obtained it is 
well to bear in mind the fact that the 
maximum values often appear as 
sharp peaks, particularly with shallow 
terminals. This maximum value may 
obtain for only a few days during the 
year and in some cases it may be 
unfair to condemn a terminal on such 
evidence. More accurate observations 
may be obtained by studying the 
curves themselves and striking aver- 
ages for the maximum and minimum 
resistances. 

Referring to Section 1 of this re- 
port entitled “Object of Investiga- 
tion’, we would make the following 
comments: 

(a) The 10 ft. by %4 in. steel rod 
would appear to have the best practi- 


~ eal all-season characteristics for use 


as an artificial ground terminal in On- 
tario. Any change from this selec- 
tion should tend toward a longer rod, 
particularly in light soils. 

(b) and (c) The extent of seasonal 
variation of resistance and the effect 
of frost penetration on the various 
types of ground terminals is shown 
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completely on the accompanying curve 
sheets. 

(d) The effect of precipitation on 
artificial grounds is also covered in 
the curve sheets. The information 
obtained shows that, with the excep- 
tion of frost, precipitation is the most 
important single factor affecting the 
range of ground resistances. Heavy 
precipitation, i.e., snowfall, will mini- 
mize frost penetration. If precipita- 
tion in the summer, i.e., rainfall, is 
below normal the effect is immediately 
seen in the increase in ground re- 
sistances. This latter condition may 
produce seriously high values in the 
event of a drought. 


(e) Shallow terminals are, gener- 
ally speaking, unsuitable for use in 
Ontario soils because of the severe 
frost conditions met with. If, in the 
case of rock close to the surface, a 
shallow terminal must be used, strip 
is more effective than mesh. 

(f) Soil treatment is definitely 
valuable in reducing ground resist- 
ances in all classes of Ontario soils. 
Due to the comparatively long life of 
treatment in dense soils it may be 
found economical to salt treat single 
rods in such soils in preference to in- 
stalling extra rods. 


The basin type of soil treatment is 
more effective than either the tile 
type or the perforated pipe and NaCl 
appears to be a better material for 
soil treatment than CuSQ,. 


Previous articles on Grounding, in 
the Bulletin and elsewhere, include the 
following :— 


“Grounding”, by E. M. Wood, Bulle- 
tin for July, 1927. 

“Ground Connections for Electrical 
Distribution Systems’, by A. G. Lang, 
Bulletin, February, 1932. 

“Grounds”, by Wills 
Bulletin, August, 1938. 

Bureau of Standards Technological 
Paper No. 108, 1918. 

“Calculation of Resistances’ to 


Ground”, by H. B. Dwight, Electrical 
Engineering, December, 1936. 


Maclachlan, 


The members of the Grounding 
Committee at the time of this Investi- 
gation were: Messrs. W. Maclachlan, 
chairman, A. S. L. Barnes, secretary, 
W. L. Amos, W. Baxter, W. B. Buch- 
anan;"W. P. Dobson,-A: G-Hall) Be Fk. 
Hineh, “A. G.c Lang, kh. Cawier 
M.-P; Osburn, io Da Pace. ote ane 
Hydro-Electric Power Commission of 
Ontario and C. E. Schwenger of the 
Toronto Hydro Electric System. 
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The Selection and Application 
of Electric Motor Equipment 


By R. McGeoch, Canadian General Electric Company, 
Limited, Toronto 


T this time when the majority 
of industrial plants are in- 
creasing production and con- 
sidering methods of reduc- 

ing costs and improving the efficiency 
of the plant, it is important that plant 
surveys be made to check correct 
motor applications. The time spent 
invariably returns substantial divi- 
dends and improves plant operation. 

The choice of any particular type 
of motor is dependent on one or 
more factors identified with each par- 
ticular application. These factors or 
conditions will be discussed under 
their respective headings. 

AVAILABLE POWER 

We will assume that the power 
available is 8 phase either 25 or 60 
cycle, and 220, 440 or 550 volts, as 
single phase power for industrial use 
is both expensive and not satisfactory 
owing to the limitations it places on 
the electrical equipment. There is no 
question that wherever possible an 
engineer laying out a new plant addi- 
tion should insist on a 3 phase power, 
even if the original cost of the trans- 
formers and distribution equipment is 
higher than the equivalent service 
for a single phase system. Direct 
current is not widely used as the cost 
of power and equipment is higher than 
for an a.c. system. 


From an address to the Niagara Peninsula 
Electrical Maintenance Club at St. Catharines 
on January 19th, 1940. 
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SURROUNDING CONDITIONS 

When considering surrounding con- 
ditions, one has to analyze whether 
standard protected-type motors will 
be satisfactory or whether you should 
go to some of the slightly more ex- 
pensive but better protected motors, 
such as splashproof for the dairy in- 
dustry or totally-enclosed or enclosed 
fan-cooled, or enclosed pipe-ventilated 
for particularly dirty applications as 
found in flour mills, foundries, etc. 
Under certain conditions the motor 
manufacturer may want to offer spe- 
cial motors and the following is a list 
of applications that should be checked, 
as it is very seldom standard pro- 
tected motors will suit any of the fol- 


. lowing conditions: 


(1) Inflammabie gases or dust where 
a spark would cause an explo- 

; sion. 
(2) 
(3) 


Room filled with hot vapors. 
Where strong acid or alkaline 
vapors are encountered. 


Excessive moisture. 


(4) 
(5) Room temperature more than 40 
deg. cent., (104 deg. fahr.) or 
below zero cent. (32 deg. fahr.). 
Where windings are exposed to 
excessive amounts of conducting 
dusts, such as iron, carbon, coke, 
etc. 

Where windings are exposed to 
excessive amounts of abrasive 


(6) 


(7) 
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A totally-enclosed 3 h.p. fan cooled induction motor driving a centrifugal 
fan in a manufacturing plant. 


dusts, such as stone dust, cement, 
etc. 

(8) Occasional or repeated submer- 
sions, as on the deck of a ship. 


(9) Excessive vibration. 

(10) Where exceptionally quiet oper- 
ation is required, such as in 
schools, churches and some 


types of commercial office build- 
ings. This would include the 
majority of air conditioning ap- 
plications. 


STARTING CONDITIONS 
Certain problems arise as to the 
time the load takes to come up to 
speed and the frequency of starting 
and stopping, but in the majority of 
cases the purchaser knows from past 


experience both the type and rating 
of motor he requires, or if in doubt 
the manufacturer of the machine to 
be driven will supply the desired in- 
formation. 


It is very important to check the 
starting conditions. As an example, 
a 10 h.p. motor on a refrigeration 
compressor or an air compressor in- 
stalled without an unloader, the unit 
usually stops on the compression 
stroke, and a standard squirrel cage 
motor does not have sufficient start- 
ing torque to start the unit. In this 
case the motor manufacturer will in- 
sist on supplying a high torque motor 
at a slightly higher price, if he is told 
the application. Another example is 
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One of six 20 h.p. 1800 rev. per min., 440 volt, 3 phase, 60 cycle, protected type 
induction motors driving a shingle machine in a shingle mill. 


where a standard squirrel cage motor 
is starting a very heavy fan load 
which often takes 30 to 40 seconds to 
come up to speed. In this case the 
motor will usually stand up, but the 
overload relay heater units on the 
control will trip out owing to the very 
long accelerating time of the load, 
and special overload relays have to be 
supplied. 
RUNNING CONDITIONS 

Under running conditions you can 
consider such factors as operating con- 
ditions, constant vs. adjustable speed, 
speed regulation and load conditions. 
It is usually desirable to pick as high 
a standard normal speed motor as good 
engineering practice will allow, al- 
though in the case of 25-cycle equip- 
ment this is not as important as in 
the majority of standard ratings—the 


750 rev. per min. constant speed 


motor and the 1500 rev. per min. con- 
stant speed motor sell at about the 
same price level, while in the case 
of 60-cycle motors the 1800 rev. per 
min. motor has the lowest first cost 
and the lower the speed the higher 
the price. This, of course, does not 
mean that where you can direct couple 
the motor to the load, it would be 
recommended that a high speed motor 
be used and either a V-belt or some 
other means used of reducing the 
speed to the driven machine. In cases 
such as this, one has to use good 
judgment and check the cost of the 
motor against the cost of the speed 
reducing gear, keeping in mind that 
there is a certain amount of main- 
tenance on either belting or gearing, 
which you do not have in the slow 
speed, direct coupled motor. Another 
factor to be considered is that low 
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speed induction motors have a lower 
power factor than high speed motors. 

In connection with constant vs. ad- 
justable speed, it is desirable for the 
majority of applications to use con- 
stant speed motors if at all practical. 
Adjustable speed motors are more ex- 
pensive and unless the quantity or the 
quality of the output of the machine 
would be improved, it pays to use 
constant speed motors. 

Regarding speed regulation, close 
speed regulation from no load to full 
load is desirable for machine tools, 
textile machinery, line shaft drive, and 
similar work. Wide speed regulation 
is desirable with flywheel type loads, 
such as punch presses, where the work 
strokes occur less than twenty-five 
times per minute, or where peak loads 
occur which might greatly overload 
the motor if it did not automatically 
slow down to take care of this condi- 
tion. Motors of the slip ring or 
wound rotor type, or direct-current 
motors with armature control give 
adjustable varying speed with close 
speed regulation if the torque requir- 
ed by the driven machine is constant, 
and wide speed regulation if the 
torque required is fluctuating. 


LOAD CONDITIONS 

All standard, general-purpose mo- 
tors are designed to carry reasonably 
fluctuating loads, both below and 
above normal rating, and the equiva- 
lent average load determines the size 
of the motor. Under certain condi- 
tions the starting rather than the 
running duty cycle determines the 
size of the motor selection, and in 
other cases the peak loads become the 
determining factor. 
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THE DRIVEN MACHINE 

The arrangement of the driven 
machine will usually determine wheth- 
er a horizontal or vertical motor is 
needed. The horizontal 
usually used and in general is less 
expensive than a vertical motor, al- 
though the modern ball bearing, 
grease-lubricated motor of to-day can 
be used in a vertical position with 
shaft up or down. Any standard 
NEMA ball bearing motors can be 
used for inverted operation or side 
wall mounting, in any position with- 
out any change. Direct connection 
should always be used where the re- 
quired speed coincides with the avail- 
able motor speed. Here again, one 
must carefully analyze the question of 
cost against the type of drive when 
the speeds are low. 

In the case of belt drive, either flat 
belt or V-belt, the diameters and 
widths of pulley and the centre dis- 
tance between the driving and the 
driven pulley are factors in determin- 
ing the motor bearing pressures and 
shaft deflections. 


motor is 


INDIVIDUAL VS. GROUP DRIVE 

This has always been a rather con- 
tentious point and no hard-and-fast 
rule can be laid down for every appli- 
cation. The particular factors in- 
volved must be analyzed and judg- 
ment used in coming to a decision as 
to whether individual or group drive 
should be adopted. As an example, 
there is usually a money saving in 
operating expense with individual 
drive which has to be weighed against 
the probable saving in initial cost 
with group drive. There is no doubt 
that a considerable saving in initial 
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Seven and one-quarter horsepower screenless open textile motors driving 
spinning frames in a textile plant. 


cost of the motor equipment can be 
made with group drive. In general, 
this saving in first cost will be 
realized where there are compact 
groups of constant speed machines 
which will be required to run continu- 
ously or simultaneously. Also with 
compact groups of machines, which 
because of their diversity factor in 
operation, may be driven by a single 
motor of much smaller rating than 
the combined capacity of the motors 
required for individual drive. 

In a case such as this it is seldom 
that all machines in a group will be 
fully loaded at the same time and a 
motor capable of carrying the average 
load of the group may, therefore, be 
selected; its overload capacity being 
sufficient to take care of any short 
time overload conditions. 

Group drive is also desirable where 
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heavy peak load demands might re- 
quire individual motors of a size con- 
siderably in excess of the average run- 
ning load. Another case would be 
when the motors required for individ- 
ual drive are small and also where 
you are changing over an existing 
plant where the line shafting is al- 
ready installed and in good condition. 
The following conditions are usually 
favorable to individual drive: 

1. Where the machines are isolated, 
requiring long lines of shafting 
to combine with other groups, 
so that the cost of the transmis- 
sion more than offsets the extra 
expense of individual motors. 

2. Where the roof construction will 
not safely support line shafting, 
or where the additional expense 
of making it sufficiently strong 
would be excessive. j 
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OPERATING COSTS GROUP VS. 
INDIVIDUAL DRIVE 
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which have to be considered, such as 
production, working conditions, quali- 
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ty of the product, etc. These are very 
hard to translate into dollars, but 
over the years is very important to 
the owner of the plant. There is no 
doubt that individual drive gives the 
operator of the machine more com- 
plete control, and in the case of break- 
down the loss of production time is 
less, as production may be temporarily 
diverted to other machines, while with 
group drive the whole group may be 
affected. Other cases in point would 
be the use of portable tools where it 
is much easier to take a drill to the 
work than it is to bring the work to 
the drill. 

There is no doubt that individual 
drive makes for a much cleaner and 
better lighted shop with no danger 
from belts or pulleys. Also with indi- 
vidual drive the control button can be 
located on the machine close to the 
operator; this feature tends to in- 
crease production and adds to the 
operator’s safety. 

MISCELLANEOUS CONDITIONS 

Under certain conditions the use of 
group drive is almost automatically 
ruled out by the construction of the 
building or the nature of the work, 
such as plants where fairly heavy 
machinery is used, requiring clear 
overhead space for travelling cranes. 
The convenience and often the neces- 
sity of this moving material will off- 
set any advantages group drive may 
otherwise have had. 

Where machines are installed under 
galleries where there is not sufficient 
overhead for line shafting. 

Where automatic or remote control 
of a machine is desired, such as con- 
trol from a pressure tank, sump pump, 
or thermostat. 


In certain plants periodic tests are 
made on each machine to determine 
the amount of power being used. With 
individual drive and jack type switches 
these tests may be made _ without 
stopping the machine, while with 
group drive a shut-down of all ma- 
chines in the group would be neces- 
sary before completing the tests. 


SUM MARY 


In summarizing the various ad- 
vantages and disadvantages of group 
vs. individual drive we would repeat 
that any compact group of machines 
which may be equipped with a motor 
of considerably smaller capacity than 
the combined capacity of the motors 
required for individual drive, should 
be considered for group drive. Any 
machine operating at a fairly con- 
stant load net much below its maxi- 
mum should be equipped with individ- 
ual drive. 

The cost of maintenance will be 
httle different as between the two 
Whatever is saved on motor 
maintenance with group drive because 
of fewer and possibly more accessible 
motors is likely to be used up in main- 
taining and inspecting line shaft 
bearings, belts, pulleys, etc. 


methods. 


The question of production is far 
more important and any means where- 
by production can be increased by 
speeding up the process, saving the 
workmen’s time, locating machines for 
approved sequence of operation, or 
making handling of the material 
easier will affect and overrule other 
factors which on the surface may 
appear more important.—Electrical 
Digest. 
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T. J. Hannigan 


HOMAS J. HANNIGAN, sec- He was born in Campbellford from 
retary-treasurer of the On- which place he came to Guelph in 
tario Municipal Electric As- 1888. As a citizen of Guelph he was 
sociation, passed away at his always keenly interested in local af- 

home in Guelph on Thursday, June fairs of the city, serving for a time 
27th, 1940, aged 71 years. as Alderman, and continually taking 
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Hydro movement and would never 
Vol. XX VII No. 7 tire in reminiscing on his associations 
with them. 
July, 1940 ao: Sian 
After Hydro got well under way he 
Page became secretary-treasurer of the 
Wound «Infectionsc. 200 Ontario Municipal Electric Associa- 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discus- 
sion of “Hydro” matters and to main- 
tain the co-operative smrit between 
municipalities, as well as between 
municipalities and the Commission. 
Articles of interest are invited for 
publication. 


deep interest in the work of the 
Board of Trade and Chamber of Com- 
merce. 


From the beginning of the Hydro 
movement in Ontario, he took an 
active part in the work. In this he 
was closely associated with the late 
Sir Adam Beck in carrying on cam- 
paigns throughout the province. As 
a result of this work he was in close 
contact with all of the men who were 
responsible for the formation and 
growth of the Hydro system, and 
was, therefore, an authority on its 
historical phases. He had a devout 


tion, an organization composed of 
commissioners of Hydro utilities in 
the province. As such he has served 
faithfully for more than a quarter of 
a century. In 1929 he was _ instru- 
mental in forming the Municipal 
Hydro Electric Pension and Insur- 
ance Plan, and has served as secretary 
of the committee in charge of it for 
a number of years. 


Mr. Hannigan was a keen horticul- 
turist and flower-lover and did much 
to further the work of the Ontario 
Horticultural Association, of which he 
was a past president, and the Guelph 
Horticultural Society, in which he 
held a similar position for many 
years. He was also interested in 
sports and for a time managed the 
Guelph Track and Field Club for boys 
who wished to take up running and 
assisted them at various meets. He 
was one of those men who started the 
Guelph Cross Country Run and Road 
Race Association nearly forty years 
ago and has been largely responsible 
for the outstanding success they have 
achieved since that time. He has 
served as president, general manager, 
and treasurer of this association on 
numerous occasions. Last year he 
was president again. He was also 
president of the Guelph Track Club. 


He was active in the tobacco indus- 
try for more than ten years as a 
grower and has been secretary-treas- 
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_urer of the Simcoe Tobacco Planta- 
tion. He was a past director of the 
Ontario Flue-Cured Tobacco Market- 
ing Board, 

Hydro has lost a devoted supporter. 
He was admired and respected by 
everyone in the organization who 
knew him. His kindly happy disposi- 
tion endeared him to everyone he met 
and in his passing there is the feeling 
of the loss of a true friend. 


BE 


R. N. Bassett, Whitby 


On Monday, July Ist, 1940, Richard 
Norman Bassett, Commissioner of 
The Public Utility Commission of the 
Town of Whitby, passed away at his 
home. He had been in failing health 
for several months, but the end, 
nevertheless came suddenly. 

Though born in Oshawa in 1880, 
where he received his education, he 
spent the greater part of his life in 
Whitby. In 1902 he started a jewel- 
lery business in the town. He took a 
very active interest in the town’s 
growth and development, and in 1923 
and 1924 was Mayor. For many 
years he was a member of the Public 
Utility Commission, holding office at 
the time of his death. He took a 
keen interest in the Ontario Ladies’ 
College, and was a member of the 
Board of Directors and Treasurer of 
the institution for a considerable 
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period. He also served for a time on 
the Court of Revision in Oshawa. 


It was Mr. Bassett’s ambition to 
modernize and improve property and 
his enterprise and civic pride is re- 
flected in the business section of the 
town, where he was largely respon- 
sible for its modern appearance. 


PS 


John Littlejohn 


John Littlejohn, a retired member 
of the staff of The Hydro-Electric 
Power Commission of Ontario, died at 
Toronto on Saturday, July 20th, 1940, 
aged 80 years. 

He was born at Plymouth, North 
Carolina, on February 22, 1860. It 
was not until 1911 he became identi- 
fied with the electrical utility industry 
when he joined the Electric Power 
Company as Treasurer, coming from 
the Canadian General Electric Com- 
pany, Limited. In the Electric Power 
Company he was in charge of all ac- 
counts. When the Company was 
taken over by The Hydro-Electric 
Power Commission of Ontario in 
1916, he became auditor of the Hydro 
local offices in the Central Ontario 
system and was put in charge of in- 
surance, taxes and rents. In 1923 he 
became Secretary of the Commission’s 
Pension Board. He retired in 1934. 
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Wound Infecti 
Lieut.-Colonel W. J. Deadman, B.A., M.B., V.D., 
Pathologist, Hamilton General Hospital 
HE term infection has refer- these are called AEROBES, which is 
ence to the invasion of the merely a Greek way of saying, living 
body through wounds or with oxygen. A smaller group ap- 
other avenues by harmful pears to hate oxygen, and will not 
bacteria. Bacteria are among the grow at all if more than the tiniest 


simplest forms of life, and on account 
of their minute size, can be studied 
satisfactorily only by means of the 
microscope. They are considered by 
many authorities to be simple, one- 
celled members of the plant kingdom. 
Corresponding to them in the animal 
kingdom, we have the microscopic 
protozoa, some of which also at times 
invade the body and cause disease. 
Bacteria being living things, require 
much the same living conditions as co 
animal and man, viz. a suitable tem- 
perature, sufficient moisture, a supply 
of suitable food material, the right 
concentration of oxygen, and the 
proper degree of light. When these 
eonditions of life are provided, bac- 
teria multiply rapidly, doubling them- 
selves approximately every half hour, 
if nothing interferes. It will be 
readily seen that one bacterium may 
under such conditions beget millions 
of his type within 24 hours. 


Disease-producing bacteria may be 
classified in many ways, and one of 
the classifications is based on their 
taste for oxygen. The great major- 
ity, like human beings, must have a 
certain amount of oxygen to live, and 


Presented to the Silver Jubilee Safety Con- 
vention of the Industrial Accident Prevention 


erent Incorporated, at Toronto, April 23, 
910, 


traces are present, and these latter 
are called ANAEROBES, which again 
is merely a Greek way of saying,— 
living without oxygen. The doctor 
knows that the treatment of 
tions must be adapted to classifica- 
tion, and consequently, the treatment 
of anaerobe infections must differ in 
some respects from that of aerobe. 


infec- 


The world teems with bacteria, but 
fortunately for us, less than one tenth 
of the known types are harmful to 
man. A few types are definitely use- 
ful and necessary for our existence, 
but the vast majority are quite harm- 
less. With every glass of milk or 
water drunk, hundreds or even thou- 
sands of bacteria are taken into the 
body without harmful effect. The 
relatively few types which can pro- 
duce disease in the human body are 
distinguished by the fact that in their 
growth and multiplication, they pro- 
duce a substance which is poisonous 
to the tissues of the body, and this 
substance is probably simply an ex- 
cretion in much the same sense as 
expired air is in the case of the 
human being. Expired air can exert 
a damaging effect on the human sys- 
tem, as the old story of the Black 
Hole of Calcutta indicates. This 
poisonous substance produced by the 
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growth of bacteria is known as a 
_ toxin which is Greek for poison. 

The body has normally several 
good lines of defense against these 
poisonous bacteria, otherwise few, if 
any of us, could survive. The first 
line of defense is healthy skin and 
healthy lining membranes. The body 
anatomically may be compared to a 
hollow tube, lined on the outside by 
the skin, and on the inside by the lin- 
ing of the alimentary canal, begin- 
ning at the mouth. As long as these 
lining membranes are healthy and un- 
injured, the chance of infection is 
relatively small, and even in cases of 
severe exposure, some damage must 
occur to these linings before invasion 
takes place. But even slight wounds 
of the skin or damage to the lining 
of the alimentary canal enormously 
favors infection. This is why prompt 
first aid attention to even small 
wounds is so important. The secre- 
tions of the body normally keep down 
the growth of bacteria. The saliva is 
too alkaline, the gastric juice is too 
acid, and the intestinal contents, made 
alkaline by the bile, tend to prevent 
the growth of disease-producing bac- 
teria. The perspiration has a high 
content of salt and other chemicals 
which discourages their growth. When 
they do finally invade, sterner mea- 
sures must be taken, and then, the 
white blood cells come into play. The 
normal number of white cells per 
small drop of blood is about 5,000, 
and this number may be increased up 
to 50,000 in order to fight the multi- 
plying bacteria. At the same time, 
we have the blood beginning to manu- 
facture a substance which neutralizes 
the effect of the bacterium and of its 
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toxin or poison, and this we call an 
anti-body. If and when enough anti- 
body is manufactured to more than 
neutralize the invader and his bad 
breath (toxin), the number and 
amount of these two factors steadily 
lessens and recovery is under way. 
But if, as sometimes happens, insuf- 
ficient anti-body is produced, death 
will be the result unless this anti-body 
is artificially injected. That is the 
reason we prepare and use in the 
treatment of infections, such things 
as antitetanic serum, antidiphtheria 
serum and antistreptococcus serum, 
Most infections get into the body 
with food or drink, by being breathed 
in, or through a break in the skin, 
which we call a wound. Let us con- 
sider particularly what happens when 
a wound gets infected. The invading 
bacterium, having found what is for 
it a snug home, furnished with all the 
necessities of life in the way of tem- 
perature, moisture, food, oxygen and 
light, begins to reproduce itself and 
in its reproduction and growth, pro- 
duces its toxin or poison. This stim- 
ulates the tissue round the wound to 
react, and it becomes red, swollen 
and tender. The white blood cells in- 
crease in number and begin to gobble 
up the invaders, and a wall of new- 
formed tissue is thrown around the 
wound, which in most cases holds the 
infection to the local situation until it 
is overpowered and the wound heals. 
But sometimes the reaction on the 
part of the tissues and white cells is 
not sufficient or perhaps the invading 
bacteria are especially poisonous, and 
then the bacteria or their poison, or 
both, spread into the blood stream, 
causing a general blood poisoning, 
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which causes a more or less protract- 
ed illness, which will end in death 
unless the body is able to manufacture 
enough neutralizing substance or anti- 
body to down the invaders and pro- 
tect the organs from damage, or the 
doctor injects an early and sufficient 
amount of ready-made . anti-body in 
the form of the proper anti-serum for 
the particular bacterium involved. 

Let us now briefly discuss a few of 
the commoner bacteria which may in- 
fect wounds. They fall into two 
groups, the aerobes which prefer a 
reasonable supply of oxygen, and the 
anaerobes which prefer little or no 
oxygen, and will not grow if more 
than a very small amount of it be 
present. Anaerobes, therefore, are 
more likely to grow in the depths of 
punctured or deep wounds should 
they infect them, and aerobes which 
are by far the more common causes 
of infection, are to be found in shal- 
low or superficial wounds. Let us 
deal with aerobes first :— 

(a) The staphylococcus aureus is one 
of the common infecting organisms, 
and is nearly always the cause of boils. 
When it infects a wound, there is 
usually a great deal of pus formed, 
and only rarely does it get away from 
the abscess and get into the blood 
stream. When this happens, however, 
the results are nearly always fatal, 
for it sets up one of the most dan- 
gerous types of blood poisoning. 

(b) The streptococcus is a common 
infecting agent of wounds, and is con- 
sidered to be the cause of such dis- 
eases aS erysipelas and scarlet fever. 
When it infects a wound, there may 
not be a great deal of pus formed, 
and it does not appear to be so easily 


confined to the wound and conse- 
quently the danger of blood poisoning 
is always present. 

(c) The bacillus coli lives normally 
fin the intestine and renders very 
valuable aid in digestion. When, 
however, it gets into wounds or other 
parts of the body, it sets up inflamma- 
tion and causes the formation of pus, 
thereby preventing the wound from 
healing. It is perhaps the least dan- 
gerous of the three organisms. 

(d) The bacillus of anthrax is now 
a very rare cause of infection of 
wounds, and as it is the organism 
causing a disease of cattle, is to be 
considered in connection with hides or 
bristles. It causes a skin pustule 
which has been called ‘‘malignant pus- 
tule’, and when it invades the blood 
stream, causing blood poisoning, the 
result is nearly always death. 

There are two principal anaerobes 
to be considered :— 

(a) The bacillus tetani (bacillus of 
lockjaw) is a very dangerous invader 
of wounds, especially as before stated, 
of deep or punctured wounds. It is 
found mostly in the soil and there- 
fore wounds which may be soil con- 
taminated are most likely to suffer in- 
fection by this organism. In its rest- 
ing period, it goes into a shell or 
spore, hibernating somewhat as the 
groundhog does, until it again finds 
itself in surroundings suitable for 
growth. In its growth in the wound, 
it produces a very powerful poison or 
toxin which damages nerve tissue, and 
this is why intense muscular spasm 
is such a characteristic feature of the 
disease. It does not wander from the 
wound, but sends out into the blood 
stream its toxin. 
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(b) The bacillus aerogenes (gas ba- 
cillus) is also found in soil and lke 
the bacillus tetanus, it can hibernate 
in a shell or spore stage, and unlike it 
it is not inclined to stay in the 
wound. It also produces a strong 
poison which destroys the tissues, and 
in destroying them, produces a gas. 
It spreads with great rapidity when 
it starts, and its progress through 
the tissues may be followed by a 
crackling sensation to the examining 
fingers. Blood poisoning is set up 
when it spreads, and it is a very dan- 
gerous source of infection. 

In conclusion, it may be repeated 
that a whole skin is the first line of 
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defense of the body: against the inva- 
sion of disease-producing bacteria 
through the outer surface of the 
body. Wounds, therefore, however 
slight, deserve prompt attention, and 
this is the field of the first aid man. 
The prompt application of iodine, or 
of other suitable antiseptics kills the 
few bacteria which may. be originally 
present, and prevents their growth, 
multiplication and toxic production. 
This enables the tissues to heal in-the 
natural way. Wounds of any severity 
need the doctor’s attention, and all 
deep or punctured wounds, or wounds 
which may have suffered soil contam- 
ination, directly or indirectly, should 
have his immediate attention. 


BO 


art Investigation and 
Regular Plant Surveys 


By D. W. Smith, B.Sc., Engineering Department, Ford Motor 
Company of Canada Limited, Windsor 


AM going to try to give you 

some idea of the methods we 

use in our Ford Plant at Wind- 

sor, and to give you some idea 
of our problems. 

Some people will tell you that the 
problems in a large plant are differ- 
ent from those in a small plant. We 
have a large plant. There are some 
reasons why accident prevention is 
easier in a large plant, but on the 
other hand there are some difficulties 

An address to the Silver Jubilee Safety Con- 
vention of the Industrial Accident Prevention 


Associations, Incorporated, at Toronto, April 23, 
1940. 
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which you would not encounter in a 
smaller one. 

At the present time we have more 
than 7,000 employees in the Windsor 
plant alone. Since The Workmen’s 
Compensation Act was passed in 
1915, our surplus of assessment over 


medical aid and compensation has 


been 30 per cent. Last year our sur- 
plus was over 45 per cent, in spite 
of the fact that our assessment rate 
was lowered by 25 per cent of the 
average rate for these years. Actu- 
ally in our particular group the rate 
has been around 55 cents, and last 
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year the rate was 40 cents. These 
are round figures. Last year we had 
a fair surplus and IJ think the figures 
show that we are at least working 
along the right lines. 

We do not take the time to investi- 
gate in all detail the general run of 
small accidents and minor injuries. 
However, we do investigate all acci- 
dents which result in lost time, all 
accidents reported to The Workmen’s 
Compensation Board, and such other 
accidents as seem to warrant special 
investigation, even though these may 
not have caused an injury. Notice 
that I don’t refer to an accident as 
something that has caused an injury. 
If there is a change in the weather, 
windows are opened and we may get 
an epidemic of dust in the eyes. This 
does not warrant a special investiga- 
tion. 

On the other hand, there are some 
accidents which we do investigate 
fully. 


The main reason for making a 
thorough investigation is to find the 


fundamental cause of the accident.” 


This is done so that we can take 
steps to prevent similar accidents. 
The condition which has caused an 
accident in one department may pre- 
vail in several departments and we 
can correct it in all. For example, 
one of our electricians wanted to 
blow the dust out of a d.c. motor, so 
he took a hose and attached it to 
one of the natural gas lines. For 
some reason or other he did not no- 
tice the strong smell of the gas. For- 
tunately there was no. explosion. 
After that we put signs on all the 
gas outlets. 

Now, another reason for a thor- 


ough investigation is to obtain and 
make a record of all the facts in con- 
nection with the accident, so that de- 
tails will be available later if re- 
quired by the Workmen’s Compensa- 
tion Board. 

The investigation should be made 
just as soon as possible after the acci- 
dent. First, in order that conditions 
will be unchanged; second, in order 
that equipment, including machines, 
will not have been moved or put 
back into production; and third, in 
order that any witnesses will be 
available. For example, they may 
go home with a change of shift. You 
want to get the facts before the 
witnesses or others concerned have 
time to think up a good story. That 
is very important sometimes. We 
have a standing order with our 
Watch Department that in case of 
a serious accident some member of 
our Safety Division must be notified 
at once, regardless of the hour. 


If an accident is serious, we make 
measurements of equipment which is 


_likely to be moved, and of anything 


not of a permanent nature. Some 
time ago one of our employees was 


knocked down by an automobile in 


front of the plant gate. We took 
measurements to locate a little spot 
of blood on the road. The Board 
turned the case down as not coming 
under the Workmen’s Compensation 
Act because our measurements show- 
ed that the accident had occurred 
outside the plant and the man was 
not yet at work. 

Any eye-witnesses should be ques- 
tioned fully. In the case of a serious 
accident you may not be able to get 
much information from the injured 
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man for some time as he will be 
suffering from shock and should not 
be questioned. That is important. 

Avoid putting words in a man’s 
mouth. That may sound strange but 
it is a common occurrence. If the 
injured man is of foreign extraction, 
he may not speak very good English. 
Moreover, he is not concerned about 
the cause of the accident, so it is 
difficult to avoid helping him to an- 
swer the questions. Unless care and 
patience are exercised by the man 
who is making out the report, the 
true story will not be obtained. 

We also like to find out how long 
aman was doing this certain job be- 
fore he was hurt, and what instruc- 
tions he got from his foreman. We 
often find that the man was doing 
the operation the unsafe way for a 
long time and the foreman should 
have corrected him. Sometimes a 
man is hit by a train the first time 
he neglects to look for it, but I think 
that in the majority of cases the man 
who is hit on the railway track is 
the man who never looks to see if a 
train is coming, and eventually the 
train will get him. 

We have the example of a case 
that happened some time ago. A man 
cut his finger brushing away chips 
from a drill press. Naturally, a man 
shouldn’t use his fingers to brush 
chips from a machine. He cut his 
finger slightly, had a little bandage 
put on in the First Aid room and 
went back to work. He profited so 
much by his first injury that, that 
afternoon, working on the drill press, 
he brushed away some more chips, 
caught the bandage in the machine, 
and got a very severely torn finger. 
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There is no doubt about it, had the 
foreman been on the alert, he would 
have seen the man brushing the chips 
off with his fingers, and I think could 
have prevented such an accident. 

If you make a full investigation, 
you should be able to arrive at the 
cause of an accident. Often we are 
surprised by what we find. 


Some time ago we had a carpenter 
who lost the tip of his finger. On 
investigation we found that this man 
had been working with wood work- 
ing machinery about forty years. 
Now, it is obvious that the man 
wasn’t a careless worker, because if 
he had been working around wood 
working machinery for forty years 
and had been careless, certainly he 
would have lost a finger long before 
that time. We couldn’t explain the 
accident. We eventually found that 
this man’s son had got into trouble 
at home and it was perfectly obvious 
that the man’s mind was not on his 
work at all. Things of that type are 
pretty hard to prevent. 

I am going to give an example of 
poor judgment. We have a draw- 
bridge across a railway track. The 
angle iron guard rail of the bridge 
was removed for repairs. The mill- 
wright who went to make the re- 
pairs took the iron guard rail off and 
put up a two by four post at each 
end, with a rope between the posts. 
It looked like a perfectly good guard. 
There was a truck standing on this 
bridge and one of the stockmen went 
to check the contents. He wasn’t 
very observant, so he leaned against 
what he thought was the iron guard 
rail. Instead of that, the rope gave 
and he fell off the drawbridge and 
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hit his head on the railway track 
below. It might have been a very 
serious accident. In this case, he 
didn’t have concussion and it wasn’t 
a very serious thing. The chief of 
our Millwright Department explained 
to the man who did the job the fact 
that he showed very poor judgment. 
I don’t think a thing like that will 
occur again. 

Now, I want to give an example of 
laziness. We have a piece of appara- 
I don’t 
think the name is very scientific, and 
I don’t even know that it is common. 
The Jim-Jam consists of four posts 
with castors at the bottom, and the 
tops bolted to a square framework. 
The bottoms of the posts are fastened 
together with four removable steel 
tie rods. The whole strength of the 
apparatus depends, of course, on 
these tie rods. The top framework 
supports a long wooden beam to 
which is fastened a chain-fall. The 
Jim-Jam is used to remove motors 
from certain machines where it is 
not easy to fasten a chain-fall over- 
head. The department that owned 
the Jim-Jam was a Tool Repair De- 
partment. It had been moved, and 
for some reason the tie rods had 
been left at the old location. One 
of the men tried to use the Jim-Jam 
without the steel tie rods. He started 
to lift a motor up, and two of the 
cross bars that supported the heavy 
beam broke and the thing came down 
and hit the man on the head. It is 
not in every case that a man who 
does a silly thing like that gets his 
just reward so quickly. It didn’t 
do a great amount of damage but 
it didn’t improve him at all. When 


tus that we call a Jim-Jam. 


I spoke to him about it I said, “You 
know you should have had the tie- 
rods on, don’t you?” He said, “Yes, 
as a matter of fact I was too lazy 
to go back and get them”’. 

An other example is of a man work- 
ing on a steel scrap baler. He had 
his wrist pierced by a piece of sharp 
steel. The man on the scrap baler 
is supposed to wear a leather glove 
or gauntlet. One of the Inspectors 
brought back the report and I said, 
“Let me see the glove’. I am in- 
clined to be from Missouri. In Wind- 
sor we are south of the border, so 
that may account for it. On further 
investigation the Inspector found 
that the man had been wearing a 
glove, but it was not the kind he 
was supposed to have. It was a short 
glove instead of the gauntlet type. 

As you can imagine, in a modern 
plant, we don’t find that many acci- 
dents are due to faulty equipment. 
We consider the idea of the ‘‘accident- 
prone” employee as more or less 
bunk. I think you have to go into the 
matter a little more fully than that. 

We find that some accidents are 
due to the fact that the man is not 
suited to the job. He may be too 
slow in his reactions. For example, 
on a small light punch press you 
shouldn’t put a big, heavy man, with 
fairly slow reactions. We have some 
men who do nothing but move heavy 
machines. They are pretty husky 
fellows whom you would hardly con- 
sider putting on a small light punch 
press. That is just using common 
sense. 

Again, a man may be too old for a 
certain job, or he may be sick. For 
instance, we have some millwrights 
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who have got on in years. We don’t 
let those men climb around high 
spots. We keep them on the ground. 

In other cases we find that the acci- 
dent occurred because a man wasn’t 
given proper instructions or training. 
These are conditions which we try 
to correct. 

Now, so much for that phase of the 
subject. We will now go on to regu- 
lar plant surveys. 

Some time ago our Chief Engineer 

gave me a clipping—‘“Not because 
we think the plant unsafe, but to 
make sure the plant is safe.” He had 
put the word “plant” in place of 
“ship” on the original clipping. That 
sums up in a few words why regular 
plant surveys are necessary. 
I shall confine my remarks to gen- 
eral plant surveys which we consider 
as more or less part of maintenance. 
In this connection you will be inter- 
ested in hearing that the floor areas 
of our buildings total about 47 acres. 
We believe that cleanliness is of 
primary importance and every year 
we use over eight tons of soap and 
cleaning compound to keep the plant 
cleat sa. | 

I have heard some of the speakers 
mention that safety has to start 
higher up. We are fortunate in that 
respect. Our President, Mr. Camp- 
bell, certainly takes a keen interest 
in the work. Not very long ago, as 
I was going into the foundry, I met 
Mr. Campbell coming out. He said, 
“You are just the man I am looking 
for’. He took me in and showed me 
a pile of hubs, which he had noticed 
were not piled in a safe manner. At 
that time Mr. Campbell had heavy 
responsibilities outside of our plant, 
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yet he found time to check unsafe 
conditions. 

We have medical inspection of all 
new employees, and in certain cases 
we have periodic inspections. For 
instance, we take blood tests of our 
men in our body building department. 
We are using less and less lead, so 
of course we are getting away from 
some of the troubles resulting from 
its use. 


We test the eyes of our truck 
drivers—that is a periodic job—and 
we take X-rays of the men working 
in the foundry. Within a month or 
two of a man’s being employed in 
the foundry a chest X-ray is made 
and followed up by periodic X-rays. 


Then, of course, we have our Safety 
Inspectors, making daily checks 
around the plant to see that our 
safety rules are being enforced. They 
see that the men are wearing goggles, 
leather wrist protectors, hand pads, 
steel studded gloves for the men 
handling sharp sheet metal, and so 
on. They see that only qualified men 
are using welding equipment, and 
that safety cans are in their proper 
places. A word in connection with 
the colour of safety cans. It seems 
strange that when we buy a safety 
can it is painted red. ‘So is all fire- 
fighting equipment. I don’t know 
whether fire pails of sand and water 
are common now, but they always 
used to be painted red. In Detroit, 
some time ago there was quite a dis- 
astrous fire. A man picked up a red 
can containing gasoline and threw it 
on the fire. It didn’t help very much. 
We believe that yellow is the right 
colour for our safety cans, so we have 
painted them yellow and have la- 
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belled them. We use red only for our 
fire-fighting equipment. 

We have our watchmen making 
their rounds twenty-four hours in 
the day. In the old days watchmen 
often got their jobs because they 
were too old to do anything else. 
Now we choose them very carefully. 
This is particularly important, I 
think, at the present time. They 
must be active and observant. As 
you know, much of the patrol work 
is done at night when it is more 
difficult to see than in the daytime. 

I want to make this point clear. 
We don’t pick only young men in 
our Watch Department or anything 
like that. But we don’t take all the 
older men from all over the plant and 
put them in our Watch Department. 
We have older men in the Watch De- 
partment, as in other places, but we 
don’t use the department as just a 
place to put them when we don’t 
know what else to do with them. We 
make each department absorb and 
carry its own older men. 

Our watchmen are taught to be 
on the lookout for all unsafe condi- 
tions. Naturally they are on patrol 
all the time and we expect them, if 
they see a man not wearing goggles 
to let us know about it, or to speak 
to the man directly. 

As a matter of fact, the Safety 
Inspector also makes a point, not 
only of speaking to the man, but also 
to his foreman. Incidentally, we keep 
track of these warnings in a book, 
so that at any time we can turn it 
up and find how many times the man 
had been warned. 

Our watchmen are always called 
When any cutting or welding jobs 


are being done around the plant, un- 
less it is being done in a special con- 


struction department. One of them 
stands by with a fire extinguisher, 
and he remains on duty while this . 
work is being done. We believe this 
procedure has prevented many costly 
fires. 


Then we have electricians making 
regular inspections of all electric 
motors and equipment. We have 
something like 5,600 individual elec- 
tric motors. 

Our Sheetmetal Department in- 
spects guards, duct work and out- 
side stacks. 

The Millwright Department in- 
spects conveyors, of which we have 
over ten miles. They also inspect 
ovens, machines, cranes and so on. 


The Chief of our Millwright De- 
partment has a good idea that I might 
pass on to you. He has a man going 
around at night checking certain 
conditions and this man isn’t re- 
sponsible to any of his foremen, or 
anyone like that. He makes his re- 
port direct to the Chief Millwright. 
If he finds anything neglected he re- 
ports directly to the Chief Millwright 
and it is taken care of. 

The oilers come under the Mill- 
wright Department. In that connec- 
tion I might say that the Chief of 
the Millwright Department usually 
insists on the men going up on a 
ladder to do their work. He doesn’t 
like to have them use a long pipe 
to put in the grease from the ground. 
Frequently when they climb up they 
find a condition which needs to be 
remedied and that might not be no- 
ticed from the ground. 
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These oilers are being picked very 
carefully for the job and it is con- 
sidered a very good job. 

Then the Millwrights, as a whole, 
are taught to be on the lookout for 
any unsafe equipment, planks left 
overhead, and that sort of thing. All 
of our hook-up men are in the Mill- 
wright Department, so they come 
under one head. That has worked 
out very well. 

Whenever a crane is used a hook- 
up man and a crane operator must be 
called, even if it is to make only 
one lift for a few men working over- 
time. We find that it pays to go to 
this trouble. The men think that 
they could move the crane them- 
selves, but it is not much of a thing 
to take a joyride in. 

The men of the Steam Department 
inspect valves, piping, gauges, etc., 
on gas, air and steam equipment. 

All chains used on our cranes are 
numbered with brass tags and are 
given a monthly inspection, with a 
full record kept in a book. All the 
chains are annealed once a year. 
For lift chains we use only dredge 
quality wrought iron chains. We 
cannot use that for chain-falls be- 
cause the links aren’t true enough. 
Our chain-falls used on the hot lines 
in the foundry are inspected every 
day. We lift a test weight and then 
check the chain carefully. The test 
weight is kept in a covered pit in 
the floor. In making a test we merely 
lift the weight an inch or two off 
the floor of the pit. We make a visual 
inspection all over and it is surpris- 
ing what this shows up. Then, about 


every three months or so, the chain- 
falls are taken apart and inspected 
for internal wear. 

Our elevators are inspected every 
six months and this is in addition to 
any inspection we may get from out- 
side insurance company inspectors. 

The general maintenance of roofs, 
roadways, signs, etc., is taken care 
of by our Labour Department. In 
connection with signs, we don’t like 
to have many up, but those we do 
put up have to be kept in good shape. 
Our standard signs are yellow letters 
on a black background. Of course 
the reason for using a black back- 
ground is that it is very easy to get 
a good solid black paint, and from 
time to time, when necessary, it is 
easy enough to touch up the letters. 
We use a varnish to protect the sur- 
face. 

Pressure vessels are all marked 
with a special brass tag, and listed. 
In addition to our own inspection, 
we have an insurance company in- 
spect them once a year. We try to 
use every possible outside inspection 
service, for we think the more often 
we check things the better, and an in- 


spector in our own plant may pass 


something which an outsider might 
Spot at once. 

We work very closely with the resi- 
dent representative of the industrial 
Accident Prevention Associations 
and we do not hesitate to call on the 
Associations for help whenever we 
need it. We use any service of that 
nature that we possibly can. 

Safety, like maintenance, is a 
never-ending job. 


“WEY? 
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C.E.S.A. Approvals Manual, 
1940 


EGINNING on May Ist, 1940, 
the Canadian Engineering 
Standards Association in- 
augurated its Approval Ser- 
vice, when all such work in Canada 
came under its supervision. In con- 
junction with this inauguration the 
C.E.S.A. Approvals Division has pre- 
pared an Approvals Manual respecting 
inspection, test and approval of elec- 
trical equipment. The manual con- 
tains general information as to Ap- 
provals and also the procedure neces- 
sary to obtain approval of any elec- 
trical equipment coming under the 
scope of C.E.S.A. Approvals, together 
with Schedules of Approvals Fees. 

The first section of the Manual 
gives general information respecting 
C.EJS.A. Approvals. It outlines the 
classes of equipment to which the Ap- 
provals Service is applicable, the basis 
of Approvals work and the require- 
ments for Approval. This section 
also refers to special equipment, 
labels, follow-up inspection service 
and the application of the Approvals 
Service and special inspections: 

The section on Procedure Respect- 
ing C.EJS.A. Approvals defines the 
methods to be followed to obtain Ap- 
provals. This covers applications, 
submission of samples, Approvals re- 
ports and issuing of Approvals both 
for first inspection and also follow-up 
inspection and re-examination service. 


The Schedules of Approval Fees are 
classified under label service, prices 


of labels, limited label service, 
examination service and listing. The 
Manual closes with the names of those 
who act in an advisory capacity in 
the operation of the Approvals Divi- 
sion forming the Approvals Adminis- 
trative Board and the Approvals 
Council. 


re- 


Manufacturers desiring to obtain 
the approval of the C.E.S.A. in re- 
spect of electrical equipment, or 
others interested, may obtain copies 
of the Approvals Manual from W. R. 
McCaffrey, Secretary, Canadian En- 
gineering Standards Association, Nat- 
ional Research Building, Ottawa, Ont. 


PE 


O.M.E.A. 
Acting Secretary 


After the death of T. J. Hannigan, 
his secretary, Miss K. Ciceri, was ap- 
pointed Acting Secretary of the On- 
tario Municipal Electric Association. 
She was also appointed Acting Secre- 
tary of the Municipal Hydro Electric 
Pension and Insurance Committee. 
All correspondence pertaining to these 
two organizations should therefore be 
addressed to 

Miss K. Ciceri 
Acting Secretary 
Ontario Municipal Electric 
Association 
Guelph 
Ontario. 
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Distribution Is Meeting Its 
Responsibilities 


By H. P. Seelye, Detroit Edison Company 


HETHER the product is 
automobiles, breakfast 
cereals or kilowatt-hours, 
a large part of the re- 
sponsibility for the quality of the 
service given to customers and 
the cost of rendering that ser- 
vice lies in the distribution facili- 
ties. For every dollar a power com- 
pany invests in its electrical property 
about 383 cents is spent at the discre- 
tion of those responsible for distribu- 
tion. The importance to the company 
and its customers of the proper and 
careful use of that money is obvious. 
A distribution system, like that of 
the Detroit Edison Company, for ex- 
ample, contains more than one-half 
million poles, 75,000 individual dis- 
tribution transformers and more than 
one-half million separate services, 
spread over 7,500 square miles of 
territory. 
NECESSARILY RUGGED 
It is important that simplicity and 
ruggedness ‘in this equipment be em- 
phasized. The lines are on their own. 
They are battered by wind, snow, rain 
and sleet. They are loaded with ice 
accumulation one month and scorched 
by the summer sun another. They are 
attacked by rust, decay, insects, 
birds, boys and vehicles. They are 
shaken, vibrated, whipped and gen- 
erally mistreated. Only. occasionally 
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does someone come around to see 
if they are getting along all right 
unless a failure occurs. For such 
service the devices used must be 
good and they should be as simple 
as possible. Complicated gadgets 
must be avoided—and an innumer- 
able lot of these are offered to solve 
all our problems. Otherwise, ser- 
vice quality will go down and main- 
tenance costs up. 

On distribution, the practice of 
ten-cent-store economy is particu- 
larly profitable. A few cents saved 
on a particular item may look small, 
but the engineer must remember his 
multiplication table. The quantities 
of small items, bolts, insulators, pins, 
braces, etc., used each year are enor- 
mous, and a little saving in each 
should not be ignored. To give a 
small but typical example, we form- 
erly cut the tops of our poles to a 
peaked roof, but this was found to 
be unnecessary. It cost something 
like 15 cents, and what is that on a 
three-hundred-million-dollar system? 
For 30,000 poles a year, however, 
it amounts to $4,500 each year, which 
is equal to the fixed charges on an 
investment of about $30,000. 

The a.c. low-voltage network 
scheme of distribution has been de- 
veloped and perfected until today it 
is accepted as an adequate means 
of serving densely loaded. areas 
where high reliability .is,,essential 
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and lines must be underground. One 
hundred and twenty cities have such 
networks in operation. 


PROTECTION AFFORDED 

Today we have reached a point 
where very effective protection 
against lightning damage is possible. 
The degree of protection afforded by 
a given design can be predicted quite 
closely. That degree can be in- 
creased, by increased expenditures, 
to a level at which only rare cases 
of damage are to be expected. The 
economical level depends, of course, 
on the relative importance of the 
service. 

The impulse strength of insula- 
tors has been studied and the high 
impulse strength of wood jin poles, 
crossarms and braces has also been 
recognized. Wood arms are some- 
times used on steel towers for added 
insulation against lightning. Wood 
ecrossarm braces are now commonly 
employed on wood-pole construction 
for the same purpose, where form- 
erly steel braces were customary. 
Guys are frequently insulated with 
wood guy insulators. 

The practice of protecting each 
transformer by lightning arresters, 
interconnection of the arrester 
ground connection with the ground- 
ed secondary neutral, low ground 
resistance for the arrester ground— 
these measures have been quite gen- 
erally reported to have effected a re- 
duction of some 40 per cent in trans- 
former burnouts due to lightning. It 
also reduced the blowing of primary 
fuses, the reduction being as much 
as 75 per cent on one system. Mod- 
ern lightning protection has reduced 
transformer damage to relatively in- 


significant amounts. The percentage 
is of the order of one-half of 1 per 
cent per year, varying, of course, 
considerably between different local- 
ities. 

ECONOMICAL LOADING 

The possible economy of utilizing 
distribution transformer capacity as 
fully as practicable, without going 
to a point where service is endan- 
gered, is considerable. An average 
loading of 50 per cent for a system 
is not uncommon. It is hard to 
raise this a great deal for scattered 
suburban and rural load, but urban 
loading can average well above 75 
per cent, and 100 per cent or over is 
possible under favourable conditions. 
Distribution transformers constitute 
something like 3 per cent of the 
total plant investment. An increase 
of 1 per cent in the average loading 
from an average of 75 per cent is 
equivalent to a saving of 0.045 per 
cent of the total investment. For 
a 100-million-dollar plant this would 
amount to a saving of $45,000 for 
each 1 per cent that the average load- 
ing could be increased, or $450,000 
if a 10 per cent increase were pos- 
sible. 

Transformer spacings of the order 
of 700 to 800 ft. are suitable. The 
difference in cost over a reasonable 
range of values, such as from No. 4 
to No. 1 wire, is not great. When 
contrasted to a design using a con- 
siderably larger wire size, however, 
the difference may be of the order 
of $100 per 1,000 ft. of line, or about 
$6,000 per square mile of territory. 
This can amount to a considerable 
sum if the area served has many 
square miles. 
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Increasing use of secondary banks 
is one means whereby careful engi- 
neering has produced improvement 
in quality at little or no ‘increase in 
-COSL. 

A line of step-type regulators and 
automatic boosters has been recently 
brought out at appreciably lower 
cost. These are applicable on the 
lighter circuits and also at interme- 
diate points along the line on long 
circuits. They make it feasible to 
hold service voltage within closer 
limits on scattered suburban and 
rural lines. 

The’ ssectionalizinge’ of? long or 
branching circuits in order that a 
fault on one section may be automa- 
tically cleared without interrupting 
service on the whole circuit has be- 
come prevalent. This practice has 
been promoted by the improvement 
in quality of fuses, making them 
more reliable and more easily co- 
ordinated from section to section. 
The introduction of reclosing fuses 
which automatically insert a new 
fuse after the first one has blown 
and of the small reclosing circuit 
breaker for pole mounting has con- 
triduted to the reduction of long out- 
ages. These act to restore service 
after it has been interrupted by a 
temporary fault. 

Line splices and tap connectors 
for making wire joints without solder 
and without special tools have come 
into common use. It has been pos- 
sible to eliminate soldering equip- 
ment from the construction wagons 
and work has been facilitated, parti- 
cularly that of repairs and changes. 

It seems reasonable to expect in- 
creased density of loading and, 
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along with it, an increasing demand 
for greater perfection of service 
quality. 


A LOOK AT THE FUTURE 


It is probable that the use of un- 
derground facilities will increase. 
This will be caused not only by the 
desire for improving the appearance 
of streets and other property, which 
is likely to be a factor, but ‘also due 
to the increasing congestion of lines 
which accompanies larger loading. It 
is improbable, however, that the cost 
of underground distribution will ever 
approach very close to the low cost 
of overhead distribution, which has 
been a major element in the rapid ex- 
pansion of the use of electric power 
in the past. 

No radical changes in materials 
or methods can be foreseen, however, 
which will lead to major reductions 
in the cost of distribution. 


There is the provable tendency to- 
ward higher priced construction, such 
as a greater use of underground lines. 
The outlook is toward increased costs 
for distribution instead of reduced 
costs, except for one factor. Quite 
a large part of the investment in dis- 
tribution is in such things as poles 
and wires which can carry consider- 
ably more load without proportional 
increase in cost. In addition to this, 
most of the cost of distribution lies in 
the “ready-to-serve” investment, or 
the charges on the investment neces- 
sary to meet the peak demand in kw., 
rather than the consumption in kw- 
hrs. A considerable increase in kilo- 
watt-hours is possible by enlarged 
use of energy by the customer, with- 
out increasing the demand appreci- 
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ably and hence without increasing 
the investment in distribution. The 
solution for reducing distribution 
cost, therefore, lies very largely in 


ZB 


Be 


the commercial departments—in the 
increase in load per customer, and 
particularly the increase in energy 
use.—Electrical World. 
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(Srowth of Revenue and 
Consumption 


Hydro Domestic and Commercial Lighting Consumption 
and Revenue Compared by Years 


HE following tables show the 

growth in consumption and 

revenue from year to year 

since 1913, for domestic and 
commercial consumers. Each class is 
divided into tables showing totals for 
cities with a population of 10,000 or 
more, towns with a population of 
over 2,000 and villages with a popu- 
lation under 2,000. The tables include 
all the municipalities as shown in 
statement “D” of the Annual Report, 
as well as those municipalities owned 
and operated by the H.E.P.C. 

The increase of 1939 over 1938, in 
both consumption and revenue, indi- 
cates that the growth of the use of 
electricity is being well maintained 
and that the Commission’s promo- 
tional activities are showing results. 

DOMESTIC SERVICE 
Table No. I shows that the domestic 


consumers in cities are continuing to 
make more use of electrical appli- 
ances. The average monthly con- 
sumption rose from 182.6 kw-hr. in 
1938 to 188.3 kw-hr. in 1939. The 
average cost per killowatt-hour is now 
down to 1.17 cents. 


Table No. II shows that domestic 
consumers in towns have increased 
their average consumption from 137.5 
kw-hr. in 1938 to 143.1 kw-hr. in 1939 
with an average cost of 1.44 cents. 

Table No. III shows that domestic 
consumers in villages have an average 
consumption of only 109.5 kw-hr. with 
an average cost of 1.76 cents. 

Table No. IV gives a summary of 
all domestic consumers in all munici- 
palities and may be compared with 
its component parts for the year 1939 
as follows: 


Average Cost Average | M pleat Se 
. onthly Con- 
per kw-hr. Monthly Bill sumption kw-hr. 
All Domestic Consumers ...... 1.26c. $2.14 169.9 
Cities antes ea ea iba ky 2.20 188.3 
TOWNS’? 2 ee ee 1.44 2,05 143.1 
Villagés?\.50 asa ey 1.93 109.5 


a 1.76 
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The growth in the use of electricity 
by domestic consumers is also illus- 
trated by graphs. 

Graph No. 1 shows the average cost 
per killowatt-hour as given in Tables 
Nos. li, Titand Ly; 

Graph No. 2 gives the variations 
in the average monthly bills from the 
same tables. 

Graph No. 8 shows the growth in 
the average monthly consumption. 


COMMERCIAL SERVICE 


The tables and graphs on the rev- 
enue and consumption of commercial 


proved store lighting and industrial 
conditions. 

Table No. V shows a twenty-five 
million increase in kilowatt-hours 
used by commercial consumers in 
cities with an average monthly con- 
sumption of 591.2 kw-hr. and an 
average cost per kw-hr. of 1.5 cents. 

Table No. VI gives similar data for 
towns. 

Table No. VII gives similar data 
for villages. 

Table No. VIII is a summary of all 
commercial consumers and may be 
compared with its component parts 


consumers shows the effect of im- as follows: 
Average 
Average Cost Average 
er Monthly Bill Monthly Con- 

Peeters eee sumption kw-hr. 
All Commercial Consumers.. 1.58¢. $7.66 485.2 
CTE Sag yee ee ee 1.50 8.87 591.2 
LOWS tie ee ene ee nk 1.70 5.85 344.5 
Willa gees peomen een, oe Voltas, 2.31 4.50 194.5 


The results shown in Tables Nos. V, VI, VII and VIII are graphically 


illustrated in Graphs Nos. 5, 6 and 7. 


TABLE NO. I 
DATA FOR CITIES OVER 10,000 POPULATION 
DOMESTIC SERVICE 


Average 
No. of Kilowatt- Number Average | Average Monthly 
Munici- Annual hours of Cost Monthly | Consumption 
Year palities Revenue Consumed Consumers } Per kw-hr. Bill kw-hr. 
1914 1, $ 614,925.00 12,646,400 55,597 4.86¢ | $1.06 21.8 
1917 19 1,063,264.00| 36,693,100 | 107,248 2.89 .88 30.5 
1920 24 1,926,924.00} 84,328,000 | 154,186 2.29 Tek 48 .4 
1923 21 3,772,416.00 | 206,266,200 | 223,028 1.83 ASS 83.5 
1926 21 5,374,069.00| 324,290,285 | 255,109 1.66 1.80 108.0 
1929 26 7,530,748.75 |. 497,102,897 | 309,645 teot 2.08 Toe? 
1932 26 8,491,082.70) 593,618,860 | 323,844 1.43 Pig ee 152.8 
1935 26 9,096,420.26| 664,178,767 | 335,467 Le 2.26 165.0 
1938 26 9,426,825.47| 792,450,767 | 361,669 1.19 ey | 182.6 
1939 26 9,672,757.10| 827,446,879 | 366,179 bt AE 2.20 188.3 
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TABLESNO Tt 
DATA FOR TOWNS OVER 2,000 POPULATION 
DOMESTIC SERVICE 
Average 
No. of Kilowatt- Number Average Average Monthly 
Munici- Annual hours of Cost Monthly | Consumption 
Year palities Revenue Consumed Consumers | Per kw-hr. Bill kw-hr. 
1914 19 $ 90,330.00 1,414,500 7,410 6.38¢ | $1.11 17.4 
1917 27 180,075.00 3,824,600 jae oak 4oTA 1.01 21.4 
1920 36 353,915.00} 10,053,100 24,041 OROU 1.26 36.0 
1923 43 651,499.00} 25,411,300 34,135 2450 157 60.1 
1926 48 1,037,016.00| 50,487,035 47,873 2-05 1.84 89.6 
1929 54 1,474,547.24| 68,283,456 57,699 IMA pA | 97.8 
1932 59 1,595,906.55| 81,054,613 62,843 1.97 ely 107.5 
1935 61 1,653,183.06} 88,554,262 66,495 1.87 2.07 ie oy et 
1938 60 1,689,908.10) 113,673,154 68,894 1.49 2.04 i3ie5 
1939 63 1,785,220. 67 |\9124)3 737708 72,441 1.44 2.05 143.1 
LABLE NOWIL 
‘DATA FOR VILLAGES UNDER 2,000 POPULATION 
DOMESTIC SERVICE 
Average 
No. of Kilowatt- Number Average Average Monthly 
Munici- Annual hours of Cost Monthly | Consumption 
Year palities Revenue Consumed Consumers | Per kw-hr. Bill kw-hr. 
1914 18 $ 24,913.00 291,000 1,859 rey a nS Gs AO) Toad 
1917 ti 97,516.00 1,412,500 8,334 6.90 .96 14.0 
1920 109 233,819.00 3,829,900 15,665 6.00 1.29 pao. 
1923 142 531,505.00] 11,249,100 29,689 4.72 1.59 SS it 
1926 174 942,309.00} 29,945,632 46,900 3 lS Lea 54.4 
1929 193 1,251,564.03) 46,755,369 57,075 2205 1.80 O1Le 
1932 213 1,589,233.10| 66,226,945 65,928 2.40 2.01 83.7 
1935 IS 1,643,932.71 74,239,844 69,303 Daal 1.98 89.3 
1938 226 1,763,446.86| 97,365,532 76,569 1.81 1.92 106.0 
1939 228 1,842,920.38 | 104,489,522 79,503 1.76 1293 109.5 
TABLE NO. IV 
ALL MUNICIPALITIES TOTALLED 
DOMESTIC SERVICE 
Average 
No. of Kilowatt- Number Average Average Monthly 
Munici- Annual hours of Cost Monthly | Consumption 
Year palities Revenue Consumed Consumers | Per kw-hr. Bill w-hr. 
1914 49 $ 730,168.00 14,359,100; 64,866 on. Osé ST IOs 210 
1917 123 1,340,855.00 41,930,200 | 131,313 O020 Bie 28.6 
1920 166 2,514,658.00 98,211,000} 193,892 Le56 1 44.6 
1923 206 4,955,420.00| 242,926,600} 286,852 2.04 1.54 Sci 
1926 243 7,353,394.00| 404,722,959] 349,882 1.81 1.79 98.4 
1929 213 10,256,860.02} 612,141,722] 424,419 Gd. 2.05 12235 
1932 298 11,676,222.35| 740,900,418] 452,615 P57 2. BS 136.4 
1935 302 12,393,536.03| 826,972,873] 471,265 1,50 2219 146.2 
1938 al? 12,880,180.43 |1,003,489,453 | 507,132 1.28 2 164.9 
1939 317 13,300,898.15 |1,056,310,109 | 518,123 1226 2.14 169.9 
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TABLE. NO. V 
DATA FOR CITIES OVER 10,000 PoPpuULATION 
COMMERCIAL LIGHTING SERVICE 


Average 
No. of Kilowatt- Number Average Average Monthly 
Munici- Annual hours of Cost Monthly | Consumption 
Year palities Revenue Consumed Consumers | Per kw-hr. Bill kw-hr. 
1914 12 $ 536,350.00 14,048,500 12,439 3.80¢ | $3.94 103.7 
1917 19 642,989.00] 27,479,800 195/35 2.34 2.96 126.6 
1920 21 1,103,599.00} 50,358,000 205 2.19 Sneed 172.0 
1923 21 2,043,197.00} 91,146,500 32,016 2225 5.56 246.9 
1926 pa | 3,393,186.00| 147,581,714 40,675 2.30 7.08 308.0 
1929 26 4,772,209.30| 230,263,364 48,713 2.07 8.49 401.5 
1932 26 5,088,113.49 | 254,512,316 51,753 2.00 8.19 409.8 
1935 26 5,286,039.72 | 273,302,264 50,835 1.93 8.66 448.0 
1938 26 5,439,553.40|} 353,678,032 52,986 1.54 S105 556.2 
1939 26 5,681,059.37 | 378,726,206 53,383 1.50 8.87 591.2 
TABLE NO. VI 
DATA FOR TOWNS OVER 2,000 POPULATION 
COMMERCIAL LIGHTING SERVICE 
Average 
No. of Kilowatt- Number Average Average Monthly 
Munici- Annual hours of Cost Monthly | Consumption 
Year palities Revenue Consumed Consumers | Per kw-hr. Bill kw-hr. 
1914 17 $ 71,457.00] 1,362,000] 2,393 | 5.25¢ | $2.61 49.8 
1917 27 134,730.00 3,100,600 4,107 S555 2.76 63.5 
1920 36 DRS6 700d 20.179 400: lies 750. | 2.350 3.30 91.8 
1923 43 315,530.00 9,598,000 7,086 3.29 S70 114.3 
1926 48 430,467.00] 15,709,616| 8310 | 2.74 | 4.31 160.0 
1929 54 632,010.30] 26,240,436 | 10,214 | 2.41 5.13 DIG 
1932 59 723,774.94] 31,786,728 11,359 2.28 5231 Zasee 
1935 61 717,248.27] 32,555,348 11,310 2020 5.28 239.9 
1938 60 750,601.74] 42,243,795 11,159 1.78 5.60 315.4 
1939 63 820,003.15} 48,244,514] 11,669 | 1.70 | 5.85 344.5 
TABLE NO. VII 
DATA FOR VILLAGES UNDER 2,000 POPULATION 
COMMERCIAL LIGHTING SERVICE 
Average 
No. of Kilowatt- Number Average Average Monthly 
Munici- Annual hours of Cost Monthly | Consumption 
Year palities Revenue Consumed Consumers | Per kwe-hr. Bill w-hr. 
1914 14 $ 16,974.00 259,200 825 6.55¢ | $1.74 26.6 
1917 (ii 82,756.00 1,403,100 Sho 5.86 1.87 2 leh 
1920 109 152,497.00 2,799,500 DOD 5.89 2.45 45.0 
1923 142 254,530.00 4,738,100 7,281 4.80 2.96 Sod 
1926 Lis 352,942.00 8,505,684 9,459 4.15 3.22 Tok 
1929 193 488,997.65 15,839,530 11,179 3.08 S10 119.9 
1932 213 590,994.43] 20,297,499 12,593 2.91 3.91 134.3 
1935 215 598,173.03} 21,555,809 12,739 Di ite Sok 141.0 
1938 226 719,298.87| 31,099,014 13,876 2.31 4.32 186.8 
1939 228 755,199,53 13,997 2.31 4.50 194.5 
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TABLE NO. VIII 
ALL MUNICIPALITIES TOTALLED 
COMMERCIAL LIGHTING SERVICE 


No. of Kilowatt- Number Average | Average Months 
Year peudee panna Conta eee | Per Dacha ea Sees 
1914 43 $ 624,781.00} 15,669,700 15,657 4.00¢ | $3.63 90.8 
1917 123 860,475.00} 31,983,500 27,453 2.69 Lay 103.1 
1920 166 1,477,963.00} 59,336,900 | 36,496 2e-O0 ool 140.0 
1923 206 2,613,257.00| 105,482,600 46,383 2.46 4.80 195.6 
1926 242 4,176,505.00} 171,797,014 58,444 2.43 6.08 250.0 
1929 213 9,893}217.25)| 272,343,330 70,106 2LO (eae 328 .6 
1932 298 6,402,882.86} 306,596,543 75,705 2.09 7205 337.5 
1935 302 6,601,461.02 | 327,413,421 74,884 2.02 i 364.3 
1938 no 6,909,454.01 | 427,020,841 78,021 L267 fete) 456.1 
1939 S47 7,256,262.05 | 459,635,100 78,949 1.58 7.66 485.2 
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The Use of Electrical Appli- 


ances in Ontario 


Results of Surveys of Number of Appliances in 
Use in Hydro Municipalities and 
Rural Power Districts 


UBMITTED herewith are tables 
showing the results of surveys 
made in Hydro municipalities 
and in Hydro rural power 

districts and giving the estimated 
number of. electrical appliances in 
use by urban and rural consumers at 
the end of 1939, as follows: 


Table No. 1.—Estimated number 
and per cent of saturation of major 
electrical appliances in use by do- 
mestic consumers in urban municipal- 
ities. 

Table No. 2—Comparison by sys- 
tems of saturation of major electrical 
appliances in use by domestic consum- 
ers in urban municipalities. 

Table No. 83—Estimated number by 
systems of major electrical appliances 
in use among hamlet consumers in 
rural power districts. 

Table No. 4—Estimated number by 
systems of major electrical appliances 
in use among farm rural consumers. 

Table No. 5—Comparison of per 
cent of saturation of appliances in use 
in homes of urban and rural con- 
sumers. 

Each year all Hydro municipalities 
and rural power districts are asked 
to submit a report showing the num- 
ber of appliances in use. In the 
municipalities the managers in some 


cases make a complete check and in 
others only a spot check, in order to 
complete this report. In the rural 
districts the superintendents are sup- 


TABI ON Gil 


TABLE SHOWING ESTIMATED NUMBER OF 

MAJOR ELECTRICAL APPLIANCES IN USE 

AMONG DoMESTIC CONSUMERS AT END OF 
1939 IN URBAN MUNICIPALITIES 


Appliances Number | Satur- 
ation 
ELECTRIC 
Rangeseva ve eee 159,179 5025 
Hot plates... 91,326 Lis 
Washers... st: atte 253,509 48.6 
Vacuum cleaners..... 174,240 33.4 
Water heaters 
(flat-rate) <0 57,426 11.0 
Water heaters 
(metered iy. 24-4 ce 56,104 10.7 
Gratés). shia ees 37,814 VBP 
Air heaters) one 148,961 28.5 
Ironing machines..... 15,056 2.9 
lroris Soo Serene 479,785 91.9 
Refrigerators: ....... 104,643 20.1 
‘Voasters: cap) esate 312,905 60.0 
Grills, Soccntie ae ae 52,10 10.0 
Furnace blowers and 
oll burners. 4 ee 32,044 6.1 
Air conditioners...... 5,361 at) 
Radios}... ee 406,456 77.9 
Number of Consumers.. 521,838 


VOL. XXVII, No. 7 


THE BULLETIN 


223 


LTTE LLL LLOE LCR URLEL THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO [iiiiiiHhiiiininiiiiiiitennttmtmtertnitt, 


TABERLNO? 2 


TABLE SHOWING COMPARISON OF SATURATION OF MAJOR ELECTRICAL APPLIANCES IN USE BY 


DoMESTIC CONSUMERS IN URBAN MUNICIPALITIES AT THE END OF 1939 IN EACH SYSTEM. 


~ Georgian 
Appliances All Niagara Bay Eastern Northern 
Systems System System System Systems 
ELECTRIC 

IRA NGOSs oo Mech ae ice tices SLURS | 19.4 33.9 41.2 
Slot platesac tae eats ea Wes: 14.8 33.9 25 36.2 
IWASKEES<: a. 8h Ae settee 48.6 50.7 47.1 Sis 42.3 
Vacuum cleaners........ 33.4 $64 214 DNS 30.9 
Water heaters (flat rate). 11.0 11.6 4.8 9.1 1274 
Water heaters (metered) . 10.7 9.5 eat 17.4 18.9 
(races ser gta ath at's 3 ce ‘silees| 1.6 4.3 3.8 
araheaters 2.a0. kes aches 2355 29.9 15°6 26.6 ZL 
Ironing machines..... cae 322 1.8 2.0 1.8 
ECOG Mean na kit ot ee 3 91.9 92.2 87.4 90.9 96.7 
Refrigerators........... 20.1 22.0 14.3 12.9 12.1 
OSs Creme A plied Mona 60.0 58.9 Oh, 2 63.0 69.9 
Oa VEN QS oe), Ga eas Nae ieee 1020 we 1067 19.9 26.7 
Furnace blowers and oil 

AECL Gen ene Met dk 6.1 6.8 3.6 4. 2.0 
Air conditioners......... wl 4 0.9 : 
RaACIOS eed ohm thee 77.9 78.9 (GIB: 70.3 81.2 

Note: Nipissing System and Sudbury are now included in Northern Systems. They had 


previously been included in Eastern System. 


plied with a card record on which the 
consumers’ appliances are noted. 


Reports were not received from a 
small percentage of the municipalities 
and rural districts. However, esti- 
mates were compiled based on the re- 
ports received of the number of ap- 
pliances in use among all Hydro 
consumers in Ontario. 


Table No. 1 shows that in some 
cases appliances in municipalities 
have reached a fairly dense satura- 
tion, such as irons 91.9 per cent and 
radios 77.9 per cent. Others leave 
considerable opportunity for educa- 
tional and promotional activities such 
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as ranges 30.5 per cent, washers 48.6 
per cent, refrigerators 20.1 per cent. 


Table No. 2 indicates the difference 
in saturation points of the various 
appliances in different parts of the 
Province. 


Table No. 3 gives data for rural 
hamlet consumers. These are con- 
sumers living in small hamlets and 
villages included in the rural power 
districts operated by the Commission. 
The saturation of appliances in use 
among hamlet consumers is low in all 
eases. Their buying power, no doubt, 
is small, but also educational and 
sales efforts have not reached these 
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TABLEESNO73 
TABLE SHOWING ESTIMATED NUMBER OF MAJOR ELECTRICAL APPLIANCES IN USE AMONG 
HAMLET CONSUMERS IN RURAL POWER DISTRICTS AT END OF 1939 BY SYSTEMS 


NORTHERN 
AND 
ALL NIAGARA GEORGIAN EASTERN 
SYSTEMS SYSTEM BAY SYSTEM 
SYSTEM 

S80) Ok SS OE eS Ope ic eum 

se] 58] 6@| 58] 6 | 8] 6B] 5s 

Zick, pW) Ag Ow) At oy) Ax On) 

In THE BARN 
ELECTRIC 
M Otoriice iterate 1,926 3.8 | 1,442 4. 103 WS 381 4 
Pump (ae ee eee 546 tt 427 il 35 0.5 84 0 
Gram-grinder. sy 7 Fi <2 ae 
Milking machine...... 4 Pi 2 ie: Ds 
Milkscooler:).¢ /..agcs 5 Vlas 5 ea was Ras yee Ren 
Cream separator...... 37 Pee Bae 8 oe 7 ne 22 0.2 
CHUEN 2.16 whee er ae 9 ies 6 ore 1 rane eo aes 
Incubator ice tases 53 0.1 45 0.1 1 Pei 7 sad 
BroOdets sieatscas ee 55 0.1 42 0.1 1 12 0.1 
Hot-bedisli4e ee 14 7 2 5 
Water heater f.r....... 2 eet 8) 
Water heater met..... 2 . eas 2 re 
Miscellaneous........ 463 (01) aa he 14 13 Od 
In THE HOME 
ELECTRIC 

Ranges ot) kes 6,250 12eS 4-391 1327 709 FOS iy 15850 UL dey 
Hot plate: Sauer 2,013 23.9 | 6,455 2012, 452 S02 20,100 2754 
Wachert eee eee 23,030 45.9 115,872 49.5 | 2,414 35.7 | 4,744 41.8 
Vacuum cleaner. 4 7,788 19.0 S76 16.8 852 £2661 515560 1334 
Water heater f.r....... 1,683 SIS Sea TO 4.4 76 1% 197 Key) 
Water heater met.....| 917 1.8 698 pie! 57 0.8 162 1.4 
Grate: 22) eee 405 0.8 242 0.4 45 0.7 118 Lh 
Port. air heater... 3 3,729 7.4 | 2,342 ies: 310 AN6e 1 LOTT a. 
Lroner: 4.23) ieee 705 1.4 404 Ls 136 2.0 165 1.4 
Hand irons..........|33,476 66.8 |24,180 (5a. 217207 17.8 | 8,089 7113 
Retriverator. 2:25). cee TAGS 14.3 | 4,919 15.4 815 12.0 | 1,444 L2cG 
Uoaster.:s sok Sees 24,794 49.5 115,657 48.9 | 3,092 45.77 (76,045 ao 
Radio‘ s4.4.% Pea ee RGoeraa TOS N25, 108 72.1 | 4,383 64.8 | 7,654 6225 
Furnace blower....... 931 ise 658 ak 41 .6 252 2.0 
Puinip es ox eet aee 6,042 12.0 | 4,065 Aa 662 9:3) 1388 tis 6 
Miscellaneous. ....... 2,011 4.0 | 1,811 5.6 116 le 84 Ox7 
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TABLE NO. 4 
TABLE SHOWING THE ESTIMATED NUMBER OF MAJOR ELECTRICAL APPLIANCES IN USE AMONG 
FARM CONSUMERS IN RURAL POWER DISTRICTS AT END OF 1939 BY SYSTEMS. 


GEORGIAN 
BAY 
ALL NIAGARA AND EASTERN 
SYSTEMS SYSTEM NORTHERN SYSTEM 
SYSTEMS 
Nei i ars eed alse esl la 
ze | ad | ze] dh | 22 | ck | ze | ae 
In THE BARN 
ELECTRIC 

NL GEOR aticeiens gS ee 4 8,236 £5. 455782 bon 3 910 15.7 | 1,544 T5nG 
PRUiaT te dee Se 7,144 $3).4..1.5;733 1532 469 8.1 942 ORS 
(Grain. Shinde © an. 2,986 52.0)15-272 14 5.9 469 8.1 303 Sore 
Milking machine..... 1,620 SU gl ot 002 226 74 1:3 544 525 
NTI COOLEL a. cttapecth its 944 1.8 710 1.9 59 1.0 LES 1.8 
Cream separator..... 3,518 GyO 23247 5.9 346 5.9 925 9.4 
CUT. wet haben Gee 474 0.8 oR) 0.8 34 OES 123 a3 
PN CW ba COt ac aunt as che 621 as 440 £2 56 0.9 125 £3 
Brogden tn ee 72 642 lhe? 447 ey 54 0.9 141 1.4 
Heeabed ian; sano 45 aie 31 aoe 3 eo 11 0.1 

Water heater f.r....-.. 105 0.2 89 0:2 13 eZ 3 Ren 
Water heater met..... 47 Be 19 ea 11 0.2 17 0.2 
Miscellaneous........ 558 120 443 ed 89 L25 26 0.3 

In THE HOME 
ELECTRIC : 

IVT Oy ay Te ae 9,196 17.2 | 8,088 DAES 340 5.9 768 7.8 
PLOtt plate ee cn oo a 11,326 Dad 17 OO MeL Nl 2eo 222A 20718 Dll 
WWASH Cio atan. 8 olf 2 31,054 58.2 123,539 G2e0- | 2,810 48.5 | 4,705 47.7 
Vacuum cleaner...... 7,623 14.3 | 6,124 16.2 419 Late L080 10.9 
Water heater f.r.......| 2,157 4.0 | 2,009 ORS] 42 ey: 106 1S | 
Water heater met.....| 1,046 Me, 868 283 44 Ox7 134 1.4 
CONC ea eo SHS) 0.7 309 0.8 iN: 0.2 | Oe5 
Port..air heater. ...:...], 4,333 8.1 | 3,465 O72. CEA 229 697 (hoe 
PE OW CR oe Suet te ah, os 608 i ys 419 11 54 0.9 135 1.4 
roms leh is ocd Ny 40,181 75.3 130,064 79.8 | 3,854 66.5 | 6,263 63.5 
Refrigerator: 0.02. 6.5% 6,528 L222 e164 tse 392 6.8 972 9.8 
Moa stera tiie wt inte. eet 27,342 51.2 |20,608 Sah | 2,395 40.6 | 4,379 44.4 
ISOC Vee a ea og oe 38,315 71.8 |28,158 Te eA 64.2 | 6,436 Cas 
Furnace blower....... 847 1G 647 awh 21 0.4 179 125 
Rump eet eae S070") “15a 16,547 1 17.41 461 ON OTI ie R028 
Miscellaneous..... 1,536 2.9 | 1,448 Shee 65 ips | Ie) OFZ 
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consumers as they have similar con- 
sumers in the cities and towns. 


Table No. 4 gives data for rural 
farm consumers in each system. Here 
again the saturation of appliances in 
the home is less than that in towns 
and cities. 

Table No. 5 gives a comparison of 
the saturation of appliances in the 
homes of urban, hamlet and farm con- 
sumers. Range saturation in rural 
hamlet and farm homes is very low 
compared with urban homes. Washing 
machines and radios are very similar. 

The growth in use of appliances 

among hamlet consumers has barely 
kept pace with the growth in the 
number of consumers and would in- 
dicate a considerable field for sales 
effort. 
Among rural farm consumers, like 
the hamlet consumers, the growth has 
barely kept pace with the growth in 
the number of consumers. 

Since 1924 the growth in the num- 
ber of appliances in use each year 
among urban domestic consumers has 
been gradual and only slightly affect- 
ed by boom and depression years. 

The average consumption in urban 
homes of Ontario for 1989 was 2,039 
kilowatt-hours per year. It is esti- 
mated that an average home could 
easily consume between 8,000 -and 
10,000 kilowatt-hours per year. It is, 
therefore, possible to increase the 
average consumption four times by 
the greater use of electrical appli- 


TABLE NO. 5 


COMPARISON OF APPLIANCES IN USE _ IN 
HoMES OF URBAN AND RURAL CONSUMERS 
AT END OF 1939. 


S S re = 
BOS | SS 6h SS 
2 Sia ieee 
ED feces) ial es 
@ 3 sas |e Gs 
te) = a & = adie = 
HK Mas! 3 * oe 
Pn |MInI Mah 

ELECTRIC 

Ranges sec) see S085 M124 Sarees e 
Hot: platessses5o0 173.5, AZo UN lea? 
Washing machines. .| 48-6 | 45.9 | 58.2 
Vacuum cleaners... .| 33-4 | 15.5 | 14.3 


Water heaters 
(flat rate) eee 


Water heaters 


(metered). sees 10.7 ioe ia) 
Grates. 20.6) eee y fe? 0.8 O27 
Air heaters.........| 28.5 Hee | 
Ironing machines...| 2.9 1.4 Le 
[ronsenek. eee OT Oa) 6675. frone 
Refrigerators......! 2OCA Ch LA Site ee 
iLoasterss. fees 600°) 49.551 °5102 
Furnace blowers 

and burners...... 6.1 1.8 LO 
Radios; awit aes Cdk 102121 es 


ances. The absence of waterworks 
systems in smaller municipalities cur- 
tails the use of water heaters. Natural 
gas and municipal gas plants affect 
the use of electric ranges. 
Notwithstanding these and other 
deterrents, we are still far from the 
saturation point for many electrical 
appliances throughout the Province. 
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Power lIransmission by 
Direct Current 
Swiss High-Voltage Line 


O demonstrate the possibili- 

ties of high voltage direct- 

current transmission with the 

aid of mutators at each end to 
convert from and to alternating cur- 
rent, Messrs. Brown, Boveri and Co. 
have been transmitting up to 300 kw. 
over a distance of 30 km. at a pressure 
of 50,000 volts. The two ends of the 
line are the Wettingen hydro-electric 
power station on the Limmat, near 
Baden, Switzerland, and Zurich. The 
a.c. at 6,000 volts, is converted at Wet- 
tingen to 50,000 volts d.c., and after 
transmission to Zurich is converted 
back to three-phase a.c. at 6,000 volts. 
Steel tank mutator sets are used for 
this purpose. The energy is conveyed 
partly by overhead line and partly by 
underground cable. 

It was necessary to make consider- 
able modifications to the earlier design 
of mutator to enable it to meet the 
severe demands made upon it. Special 
anode bushings have been devised for 
the high blocking voltages existing be- 
tween counter anodes. The engineers 
of Messrs. Brown, Boveri believe that 
the generation of high d.c. voltages up 
to 50,000 volts and more in mutators 
is likely to be of vital importance to 
the solution of the problem of power 
transmission over long distances, and 
that the demonstration system estab- 
lished between Wettingen and Zurich 
will prove to be a milestone in electro- 
technics of similar importance to the 
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famous Lauffener power transmission 
of 1891, with which the name of C. E. 
L. Brown is closely associated. 


ADVANTAGES 


There are a number of technical and 
commercial advantages in the use of 
high-voltage d.c. particularly where 
transmission of large quantities of 
power over distances of hundreds of 
miles is in question. The use 
of d.c. enables inductive voltage 
drops to be eliminated, and as such 
drops at high operating voltages at- 
tain a figure which is a multiple of the 
voltage drop due to resistance this is 
of great importance. Another valu- 
able feature is that the transmission 
line does not have to carry any re- 
active load (wattless power). As watt- 
less current generators would have to 
be used at intervals of about 200 km. 
on three-phase transmission systems 
operating over long distances in order 
to obtain stability, the use of d.c. 
would enable substantial economies to 
be effected in this respect. 

Where power has to be transmitted 
over long distances high voltages must 
be employed in order to attain maxi- 
mum efficiency, but corona losses place 
an upper limit of about 400,000 volts 
on the tension that can be used. Even 
at consistently lower voltages (220,- 
000 volts and upwards), hollow con- 
ductors, which are relatively costly, 
have to be employed for three-phase 
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lines because of the corona and skin 
phenomena which occur at these high 
tensions with a.c. transmission; but 
with three-wire d.c. solid conductors 
of only one-half to one-third the cross 
section required for an equivalent 
amount of a.c. can be utilized. This 
means lighter transmission line towers 
and a considerable economy in over- 
head line construction. 

Even greater advantages exist in 
the case of underground transmission, 
since the line is not affected by charg- 
ing and magnetizing currents and will 
carry a larger load than when operat- 
ing with a.c. The insulation can be 
lighter, and as heat losses are more 
readily radiated the cable can be op- 
erated with a heavier loading. Two 
single-core cables with their lead 
sheaths forming the earthed middle 
conductor would be used. The manu- 
facture of cables to carry 200,000 
volts d.c. is within the present cap- 
abilities of cable manufacturers, and 
the cost should not be more than half 
that of a.c. cables of similar capacity 
—it might be reduced to one-third 
given sufficient demand. This would 
make it economically possible to place 
underground many of the lines where 
overhead construction is now essen- 
tial because of the high cost of high 
voltage cables. Maintenance 
charges would be less and reliability 
would be improved by the elimination 
of lightning troubles. Although opin- 
ion is not unanimous on the point, 
there is probably a majority in sup- 
port of the view that underground 
power routes would also be less liable 
to damage from aerial bombing. The 


va hel 


use of cables for crossing navigable 
waterways, where it is necessary to 
use high towers if overhead construc- 
tion is employed, has obvious advan- 
tages. 
OPERATION 

The mutators developed by Brown, 
Boveri are capable of operating at a 
service voltage of 60,000, and it is in- 
tended to advance to even higher ten- 
sions in a single cylinder, with full 
confidence that the new problems 
which will arise can be satisfactorily 
solved. Operation of the sets at Zurich 
presents no difficulties. The initial act 
is the switching in of the d.c./a.c. 
mutator at the Zurich substation by 
closing the air-blast high-speed cir- 
cuit breaker; the a.c./d.c. mutator is 
then put under voltage by the closing 
of the breakers at the other end of the 
line and the tension is raised by means 
of the grid control until the current 
reaches the desired value. The set at 
the power station end can be remote 
controlled from the Zurich substation. 
If a short circuit occurs on the trans- 
mission line it is cleared by the muta- 
tor at the power station end by the 
action of the grid control, but in the 
case of a longer transmission line d.c. 
circuit breakers for independent clos- 
ing and opening of the converter set 
would be necessary. Already develop- 
ment work on the lines of using an 
electronic valve as a high voltage d.c. 
circuit breaker has given satisfactory 
results, pointing to the possibility of 
transmission from a large central gen- 
erating station to a number of distant 
distributing points.—Trade and En- 
gineering. 
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System Loads in July 


ITH this issue The Bulle- 
tin begins a_ series of 
monthly reports showing 
the 
These reports have been ap- 


growth in system 
loads. 
pearing in newspapers and in tech- 
nical journals for a _ considerable 
time and it was felt that that pub- 
licity was sufficient. We realize, how- 
ever, that possibly some of our read- 
ers have not been getting the infor- 
mation through those channels, and 
we are, therefore, supplementing that 
service by the publication of the sys- 


tem load summaries each month. 


The report shows the system loads 
as primary and secondary. Under pri- 
mary loads are included all loads de- 
livered by the Commission under con- 
tracts extending over definite periods 
of time. Secondary loads are such 


loads as are delivered under at-will 
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contracts, i.e., power supplied to con- 
sumers when the same is not required 
for primary loads. 

1940, are 


compared with the corresponding 


System loads for July, 


month in 1939. Primary loads as the 


total of all systems increased 14.7 


per cent over July of last year. The 
June report showed a corresponding 
increase of 10.3 percent which was 
due chiefly to 11.3 percent increase 
in the Niagara system and 13.2 per- 
cent in the Northern Ontario Proper- 
ties. In the July statement it will 
be noted, however, that each system, 
excepting Georgian Bay, shows an in- 
crease very close to the increase in 
the total. The Georgian Bay system 
had a decrease of 3.4 percent in June 
Which has disappeared in July. 

The tabulation for the month of 
July is as follows: 
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Maximum 20-Minute Peak h.p. Percent 
si ka ol S iy Increase 
July, 1940 July, 19389 

Primary Loads 

NTAG AY fod. Sa eee seen abe eyes 1,107,105 955,094 Tp. o 

Pagtern Ontario s..ee ee ee 136,973 128,992 LOD 

Georeian Bay ooscne ae nee 40,168 40,188 0 

THUNGEY Dayo eee een wee eee 96,247 85,255 meteors, 

Northern Ontario Properties ................. 186,401 161,349 +15.5 

Total Of ALI SVStemis 22 ee 1,566,894 1,365,878 +44.7 

Primary and Secondary Loads 

Nigvara: 2 he eee kee 1,368,901 1°250;402 ao OS 

Hasterno Ontarigw.. ser eee 163,099 154,984 wee 

(TOO ChAT «Bayi arctan eee eee 40,235 40,188 See eel 

THUG GR BAY; ole eee ere ee 100,389 128,365 —21.8 

Northern Ontario Properties ................. 215,892 202,234 —+- 90.5 

Total of All Systeme tg es oe 1,888,516 ete O ts art O88 
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Frost Resistant Concrete 


By R. B. Young, Testing Engineer, H.E.P.C. of Ontario 


HE engineer with an operat- 

ing company is in a different 

position than his professional 

brother who builds a struc- 
ture and then moves on. Whether his 
structures are a credit to his skill or 
otherwise, he has to live with them 
and if, at times, this has its draw- 
backs, it also has its advantages for, 
if so inclined, he has an opportunity 
to study their behaviour in service, 
to observe the effects on their per- 
formance of differences in materials 
and workmanship and to learn from 
them how to avoid mistakes on future 


Presented at the 36th Annual Convention of the 
American Concrete Institute at Chicago, February 


27-29, 1940. 


work. The writer has had such an 
opportunity and it is the purpose of 
this paper to record some of the les- 
sons learned from this experience as 
they relate to the resistance of con- 
crete to frost action. 


Before proceeding to a discussion 
of the causes of frost action or de- 
terioration as applied to concrete, 
the meaning of the term should be 
defined. As commonly understood 
and here used, frost action is the 
breakdown of the structure of con- 
crete caused by alternate freezing 
and thawing. The presence of mois- 
ture in the pores of the concrete is 
necessary thereto and this moisture 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discus- 
sion of “Hydro” matters and to main- 
tain the co-operative smrit between 
municipalities, as well as between 
municipalities and the Commission. 
Articles of interest are invited for 
publication. 


may enter either by capillary action 
or pressure. The deterioration usu- 
ally manifests itself by scaling and 
ravelling but it may occur without 
doing either. 

Alternate freezing and thawing of 
concrete is a contributory rather than 
a fundamental cause for its deterior- 
ation. The fact that the temperature 
of concrete drops below 32 deg. fahr. 
has no significance in itself, for dry 
concrete may be frozen and thawed 
repeatedly with negligible damage. 
There must be water in its pores be- 
fore harm can result from freezing 
and it must be present in such an 
amount that when: it increases in 
volume as it changes state, the ice 
formed will more than fill the pores 
containing it and so will develop 
disruptive forces. 
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Fig. 1—Defects in concrete structures 

are common at corners, edges and tops 

of lifts. All three types of trouble 
have occurred here. 


One of the first lessons learned 
from a wide survey of concrete struc- 
tures, is that only a very small per- 
centage of the immense volume of 
concrete in service today, has defects 
of any importance. Even in those 
concrete structures where there has 
been extensive deterioration, and 
they are few, some parts are much 
more resistant to weathering than 
others and a great many are in first 
class condition. Since, in most cases, 
the same materials are used through- 
out a single structure, the variable 
condition of the concrete would seem 
to indicate differences in its quality 
that must have been due to variations 
in its processing or finishing. 

Carrying our field observations 
further and making a careful analy- 
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Fig. 2-—-Segregation resulting from dumping the concrete into the form at 


one location. 


sis of the deteriorated areas found, 
it soon becomes evident that most of 
them may be grouped into relatively 
few types that keep repeating them- 
selves on each of the structures ex- 
amined. This, in turn, indicates a 
common or closely related cause for 
the defects of each type and a study 
of the conditions surrounding them 
and their location in the structure 
suggests their probable cause. The 
significance of this was discussed at 
length in an earlier paper by the 
writer presented before the Insti- 
tute.* The important conclusion 
therefrom, which bears on the sub- 


*“Tessons from Concrete Structures in Service” 
published in the A.C.I. Proceedings 1929, Vol. 25, 
page 64, 


ject of the present paper, is that the 
majority of these recurring defects 
coincide with an excessive porosity 
of the concrete at the points affected, 
brought about mainly by segregation. 

Segregation may be described as 
By its 
very nature, it is a separation of the 
concrete into its component 
parts. In its grosser forms, the sepa- 
ration may be so complete that honey- 
comb results; in its lesser, there may 
be no visible defects, yet the concrete 
nevertheless is more than ordinarily 
susceptible to frost deterioration. 
Any segregation is thus objectionable 
from the standpoint of concrete dura- 
bility. 


the arch-enemy of concrete. 


mix 
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Fig. 3—The dark areas of this concrete while appearing sound have deteriorated 
due to partial segregation. Note honeycomb in the centre. 


The parts of a concrete structure 
that are particularly liable to deteri- 
oration because of segregation, are 
corners and edges where there is a 
tendency for mortar to gather, at the 
tops of lifts where “water gain” may 
occur and along fill planes and con- 
struction joints. The common prac- 
tice of dumping concrete at one point 
in a form and pushing it around or 
letting it find its own way by gravity, 
is almost sure to cause segregation, 
especially the latter which results in 
the formation of both laitance and 
honeycomb pockets. Honeycomb is 
frequently found at the bottom of 
columns, the upper edges of hori- 
zontal joints, the underside of floor 
and deck slabs and even on vertical 
surfaces, due in most cases, to care- 
less or unskilled methods of placing. 
One of the worst features of these de- 
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fects is not the honeycomb itself, 
which can be easily patched, but the 
fact that, surrounding each of these 
areas, is a mass of concrete that ap- 
pears sound yet which is partially 
segregated and thus liable to frost 
attack. 

A less recognized type of segrega- 
tion is caused by overworking. This 
may be from too much puddling next 
the forms, which causes a layer of 
mortar to accumulate there, or it may 
be due to over-finishing which brings 
excessive fines and water to the sur- 
face. In either case, scaling results. 

Scaling is also caused from exces- 
Sive vibration near surfaces, but more 
particularly near horizontal surfaces 
where the segregation that accom- 
panies over-vibration interferes with 
finishing. The cause of this scaling 
is apt to be overlooked unless the 
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IN MIXON CEMENT CONTENT 
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Fig. 4—A typical curve of the effect of sand content in a mix on the amount 
of cement required to obtain a concrete of given compressive 
strength and workability. 


detailed history of the damaged con- 
erete is known for it cannot be dis- 
tinguished from scaling caused 
otherwise. 


After segregation, the most com- 
mon cause of dangerous porosity in 
concrete, is probably the use of harsh 
unworkable mixes. A mix that tends 
to be unworkable is more difficult to 
handle than one which is not, and 
hence, is more liable to segregation. 
In addition, the factors that cause 
harshness in concrete mixes contri- 
bute to make them more than ordin- 
arily porous. 

Concrete mixes are harsh for one 
of several reasons, the most common 
of which are, first, undersanding or 
the use of insufficient mortar to carry 
the size and volume of coarse aggre- 
gate used and second, a poorly graded 
fine aggregate, especially one lack- 
ing in the finer portions. This type 


of trouble is aggravated greatly 
where the mixes are lean in cement. 

Undersanding is a relative term; it 
depends on the type and grading of 
the fine and coarse aggregate, the 
maximum size of the latter and the 
method to be used in placing the con- 
erete. With the last two factors 
fixed, there will be, with any com- 
bination of aggregates, some ratio of 
fine to coarse, that will be found to 
require the minimum amount of 
cement to achieve a given result in 
terms of strength and workability. 
(Fig. 4). Any increase in the quantity 
of fine aggregate above this minimum 
ratio, might properly be considered 
as oversanding and any decrease as 
undersanding. The terms are thus 
used in this discussion. 

Oversanding of a mix means an 
increase in the amount of mortar re- 
quired to obtain a given result; it 
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COMPRESSIVE STRENGTH OF CONCRE: Hei 
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aggregates. 


Compressive Strength 


Water-Cement Ratio by Weight 


Fig. 5—A set of water-cement ratio curves illustrating the reduction in com- 
pressive strength from mixes of increasing harshness which occurs 
with progressive undersanding. 


affects the workability, shrinkage and 
cement content of the concrete but 
has little effect on its resistance to 
frost unless the mortar is itself lean- 
er than about 1:2144 when, with the 
coarser sands, it is possible to have 
undesirable porosity by reason of a 
lack of cement paste. Undersanding, 
on the other hand, cannot safely be 
tolerated fior, if the sand content is 
decreased even a little below the op- 
timum ratio, the mix rapidly loses 
workability. At the same time, the 
water-cement-ratio-strength curve 
begins to drop .below normal unless 
means are taken to overcome the 
harshness of the mix by the method 
of consolidation. (Fig. 5). 

The practical application of these 
facts to the problem of frost resist- 
ant concrete is their bearing on its 
porosity. Any inherent harshness or 
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lack of workability in the concrete 
mixes that cannot be overcome easily 
by the method of deposition used, in- 
creases the susceptibility of the con- 
crete to frost action, partly, as al- 
ready indicated, by its greater 
tendency to segregation and partly, 
from lack of a sufficient quantity of 
fine aggregate to prevent particle in- 
terference by the coarse. 

The ill effects of undersanding are 
common in older structures where the 
use of arbitrary proportions were the 
rule. A specification that required a 
mixture such as a 1:24%4:5 or a 1:2:4, 
in which the sand portion formed 
only one-third of the total aggregate, 
would, if rigidly enforced, almost al- 
ways result in an undersanded mix. 
The usual remedy in such cases was 
to add more and more water in an 
attempt to improve its workability. 
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The results were generally unfortu- 
Even today, undersanded con- 
erete is still being produced in 
quantity, but present practice dis- 
courages the use of excess water and 
vibration provides better compaction, 
so that fewer examples of defective 
concrete from this cause may be ex- 
pected in the future than have oc- 
curred in the past. 


nate. 


Harshness in a concrete mixture is 
influenced by the grading of the fine 
aggregate used. For equal results, a 
coarsely graded sand must be used 
in greater amounts than one finely 
graded. Where the concretes are pro- 
duced under a specification that fixes 
the proportions of the aggregates, the 
likelihood of undersanding is thus 
greater with the coarse sand than 
with the fine. Most present day spe- 
cifications permit the use of coarsely 
graded sands with as little as five 
percent passing the No. 50 sieve, and 
many engineers and architects even 
consider them as preferable to better 
graded materials but they should be 
used only where exposures are 
favourable and the proper correc- 
tions have been made in the propor- 
tions. 

After segregation, the next most 
common source of frost deterioration 
is defective construction joints and of 
these, more trouble occurs at hori- 
zontal than at vertical joints. The 
former have apparently presented 
less difficulty to designers and build- 
ers than the latter, and seem to be 
particularly hard to build so that 
moisture will not enter. They can be 
made watertight but, under ordinary 
job conditions and even with the best 
intentions on the part of all concern- 


ed, a large number of them prove 
defective in service. 

A defective construction joint, 
whether horizontal or vertical, sub- 
jects the surrounding concrete to a 
particularly severe exposure because 
of the fact that the moisture move- 
ments through it, saturate the con- 
crete adjacent. Thus, even where the 
concrete next the joint is of good 
quality, deterioration will occur in 
time and gradually spread. The 
writer has watched, year by year, 
joints in which this was happening, 
joints where little or no active seep- 
age existed but where the adjacent 
concrete was slowly deteriorating by 
reason of repeated freezings and 
thawings while saturated with mois- 
ture sucked from the joint. A great 
many examples of this sort of trouble 
are to be seen in such structures-as 
retaining walls, dams, reservoirs 
and tanks, etc. 


Closely related to joints, are cracks 
that occur in the concrete from one 
cause and another. The ordinary 
shrinkage crack, as found in retain- 
ing walls and water-impounding 
structures, is seldom as troublesome, 
from the standpoint of susceptibility 
to frost deterioration, as the made 
joint, possibly because it offers more 
resistance to the passage of moisture. 
On the other hand, in pavements and 
roads, cracks probably cause as much 
or more frost deterioration than do 
joints. Besides the common shrink- 
age crack, there are others that are 
due to faults of design such as those 
caused by settlement or other struc- 
tural movements and_ insufficient 
coverage of embedded steel shapes or 
reinforcement. Given a source of 
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Fig. 6—Defective horizontal construction joints in an otherwise excellent 
structure. 


moisture, the concrete adjacent to 
cracks will deteriorate similarly to 
that along joints and from the same 
causes. 


A great deal of frost deterioration 
is due to lack of provision for the 
drainage of water that falls on or 
is collected by a structure in the 
course of its service. Examples of 
this type of trouble are everywhere. 
They may be observed in such places 
as in arch bridges at the junction of 
the ribs and piers, on surfaces where 
the drip from drains impinges or runs 
down, at the exit of horizontal drains, 
in ballasted decks of railway bridges, 
in hollow piers and abutments where 
the drainage system provided is in- 
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adequate or has become inoperative, 
and behind parapet walls. 

Another very common fault, some- 
times of design and sometimes of 
workmanship, is a lack of sufficient 
slope on horizontal surfaces such as 
sidewalks, the tops of deck slabs, 
bridge seats, walls, piers, etc., where 
little or no provision has been made 
for draining off the water. No work- 
man, regardless of his skill, can finish 
a large horizontal surface truly 
plane; he will leave some depres- 
sions, however slight, in which water 
ean collect and stand. It has been 
the experience of the writer that 
wherever such spots occur, scaling 
develops even with concrete other- 


238 


THE BULLETIN 


AMATI THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO /iiiiifiI110II/I0/NIIN/INNNIINNINIIIN 


Fig. 7—Leakage through a defective horizontal construction joint has 
deteriorated the concrete adjacent. 


wise resistant to frost action. In fact, 
one is able to predict the location 
and extent of future scaling from the 
appearance of horizontal surfaces 
after being wet. 


Other things being equal, frost de- 
terioration will depend on the sever- 
ity of the exposure to which the con- 
crete is subjected. The severity of 
exposure can be resolved into two 
components; one, the degree of satur- 
ation to which a concrete is liable 
when freezing occurs, and two, the 
probable number of times during the 
year that the temperature of its ex- 
posed faces is likely to drop below 
32 deg. fahr. A complete measure 
of the severity of an exposure is the 


frequency of the simultaneous oc- 
currence of these two conditions. 


The liability to saturation depends 
on the position of the concrete. A 
sloping surface such as the down- 
stream face of a gravity dam, will 
generally retain moisture for longer 
periods than a vertical surface, and 
a horizontal surface longer than 
either. This is especially true where 
the moisture occurs initially in the 
form of snow or ice. Angles and 
pockets remain saturated for longer 
periods than those parts of the same 
structure where moisture drains 
away quickly. Saturation is continu- 
ous where the concrete is in direct 
contact with a source of moisture 
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Fig. 8—Deterioration of concrete caused by drainage caught at the junction 
of arch rib and pier. 


such as at the water line of bridge 
piers and dams or at the ground line 
of foundations and walls. 


The frequency with which the tem- 
perature passes downward through 
the freezing point of water, i.e., on 
the number of cycles of freezing and 
thawing, is a matter of climate and 
location. Thus, frost deterioration 
is non-existent in the tropics and sub- 
tropics except at the higher eleva- 
tions. As one proceeds northward, 
frost deterioration will be found even 
in. districts of only occasional frosts, 
as in the midsouth. In the United 
States and Canada, frost action is 


more prevalent and severe on the 
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south and west sides of structures 
than on the north and east, again a 
function of the number of cycles of 
freezing and thawing. It is common 
experience to find concrete of indif- 
ferent quality in first class condition 
at the water line of a dam on a river 
flowing south, i.e. the north side, 
while the downstream or south face 
is noticeably deteriorated; the re- 
verse will be true on a river flowing 
north. Some idea of the probable 
frequency of freezing cycles in any 
locality may be obtained from a study 
of the daily mean temperatures com- 
piled by meteorologists. However, 
these are based on temperatures tak- 
en in the shade whereas, in sunny 
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weather, the exposed surface of con- 
crete may pass one or more times 
through the freezing point on a day 


AS A cS A 


that is recorded as continuously be- 
low 82 deg. fahr. 
(To be continued) 
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The Fluorescent Lamp 


Its Auxiliary Equipment and 
Operating Characteristics 


By G. F. Mudgett, Manager Illumination Dept., Canadian 
Westinghouse Co. Ltd., Hamilton, Ontario 


HE fluorescent lamp is a low- 
pressure mercury discharge 
source. It must be operated 
with suitable auxiliary equip- 
ment. The lamp is designed so that 
approximately half of the input 
energy is converted to the ultraviolet 
line of the mercury spectrum known 
as the resonance line, 2537 A°*. Most 
of the remainder is dissipated as 
heat through conduction, convection 
and radiation. An important 2 per- 
cent appears as the highly efficient 
blue-green-yellow lines of mercury 
which add to the light produced by 
the fluorescence and would give the 
lamp a characteristic mercury color 
if no fluorescent powder were used. 


The lamp, tubular in shape) con- 
tains at each end an electrode in the 
form of a small coil of wire. These 
electrodes are coated with a material 
which has the property of freely 
emitting electrons when heated. 
Electrons are necessary to carry the 
are current which passes through 


This paper was prepared for the Summer Con- 
vention of the Association of Municipal Electrical 
Utilities, which was cancelled due to the war. 


the vaporized mercury. Since mer- 
cury is a liquid at normal tempera- 
tures, a slight amount of argon gas 
is used to facilitate starting. A base 
is sealed to each end of the lamp. 

Fluorescent powders, called “phos- 
phors,” are coated on the inside of 
the bulb by a liquid washing process 
followed by a heat treatment. It is 
important that a smooth permanent 
coating be obtained. This must be 
even, yet thin, so that the appearance 
and color of the lamp are satisfactory 
and there is no excessive absorption 
of light. 

Phosphors are of many types and, 
therefore, only those most sensitive 
to the 2537 A° line are used. It is 
necessary to select compounds which 
remain stable during the life of the 
lamp and which can be handled 
effectively during manufacture. The 
efficiency of fluorescent lamps varies 
widely between different colors be- 
cause the various phosphors used dio 
not reach their peak sensitivity at 
the same point and consequently do 
not convert equal amounts of ultra- 
violet energy into visible light. 
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TABLE I 


ESSENTIAL TECHNICAL DATA 


Standard Westinghouse Mazda F Lamps 
(Characteristics Apply to A-C Operation Only) 


Watts (Nominal—Lamp Only) 15 15 20 30 

Bulb T-8 T-12 T-12 T-8 T-12 
Circuit Volts * bd + - 

Nominal Length 18” 18” 24” 30” 48” 
Base Med. Bi-Pin Med. Bi-Pin Med. Bi-Pin Med. Bi-Pin Med. Bi-Pin 
Lamp Amperes (Approx.) 0.30 Lek) eh} 0. 42 
Lamp Volts (Approx.) : 56 48 62 103 108 
Max. Over-all Length (Including Pins) 1738” 1733” 2335” 3538” 4735" 
Rated Avg. Lab. Life (Hours) 2500 2500 2500 2500 2500 
Burning Position Any Any Any Any Any 


* For operation on regular lighting circuits, standard auxiliary equipment is listed in Table II. With suitably designed equipment, eny voltage mey be used, 


LSD WATT “T's 


aaeter ee te a te 


1S WATT T-12 


OE ae el - 


20 WATT T-12 


pL TSS De an, RS ELA OT Oa 


30 WATT 1-86 


+ LE DS de ee ee Oe es 


40 WATT T-i2 


APPROXIMATE INITIAL* LIGHT OUTPUT IN LUMENS 


Lamps 


15-Watt T-8 
15-Watt T-12 
20-Watt T-12 
30-Watt T-8 
40-Watt T-12 


* At 70% life, average lumen output is reduced about 15%. 


[PEN ahi a SPACING aaa 


LAMP SIZE 15 WATT 20 WATT 30 WATT 40 WATT 
MAXIMUM SPACING LIMIT - - - - - - - 174%” 231%" 38" 474" 
MINIMUM SPACING LIMIT - - - - - =- - 1734” 2334” 35 74” 473,” 


Among the phosphors used at present 
are: 


Characteristic 
Phosphor Color of Light 
Zine Silicate Green 
Calcium Tungstate Blue 
Cadmium Borate Pink 


Zine Beryllium 


Silicate Yellowish White 
Magnesium Tung- 
state Bluish White 


All of the above materials are 
white when not exposed to ultra- 
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violet radiations. Thus, the unlighted 
appearance of most fluorescent lamps 
is identical. Exceptions are the gold 
and red lamps in which it is neces- 
sary to coat the bulb with an appro- 
priate pigment and then add a second 
or inner coat of fluorescent powder 
(zine beryllium silicate and cadmium 
borate, respectively). The pigmented 
coat absorbs the radiations which are 
not desired in the spectrum of the 
finished lamp. 

At the present time, five standard 
sizes of Fluorescent Mazda lamps are 
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available. General essential techni- 
cal data are given in Table I. As 
previously stated, suitable auxiliary 
equipment must be used for the oper- 
ation of fluorescent lamps. The bases 
of the lamp which) are of a two-pin 
design, known as the Medium Bi-Pin, 
require special lampholders. 

A°* ig the symbol for Angstrom 
Unit, a unit of measurement of wave 
length equal to 1/100,000,000 of a 
centimeter. 

AUXILIARY EQUIPMENT 

It is characteristic of all arc lamps 
that some method must be provided 
for limiting the current drawn by the 
discharge. Without a limiting de- 
vice, the current would rise to a 
value that would destroy the lamp. 
This requirement for fluorescent 
lamps can best be met by a device or 
auxiliary not incorporated in the 
lamp itself. The necessity for an 
auxiliary permits using that device 
to gain definite advantages in lamp 
design and performance. 

Auxiliary equipment for the pres- 
ent design of Fluorescent Mazda 
lamps serves three important func- 
tions. 

1. Preheats the electrodes to make 
available a large supply of free 
electrons. 

2. Provides a surge of relatively 
high potential to start the are 
between the electrodes. 

3. Prevents the are current from in- 
creasing beyond the limit set for 
each size of lamp. 

Each of these requirements has 
several ramifications. In general, 
many electrical circuits and various 
types of equipment may be used to 


obtain the necessary results. Two 


ELECTRODE 


BULB 


FILED 

WITH 

INERT 

GAS 
BI-METAL 
STRIP 


FIXED 


Fig. 1—Fluorescent glow switch. 


broadly accepted types of equipment 
are in use—thermal switch and glow 
switch equipment. The basic dif- 
ference between the two is the me- 
thod of starting the lamp. 

For 15 and 20 watt lamps, an open 
circuit voltage of at least 110 is re- 
quired; for 380 and 40 watt lamps, the 
required open circuit voltage is about 
190. At these voltages or higher 
levels, ordinary reactances (chokes) 
or resistances will provide the neces- 
sary current limitations. For distri- 
bution systems in the 110-125 volt 
range, a transformer must be part of 
the auxiliary equipment for 30 and 
40 watt lamps. Usually this trans- 
former and the required reactance 
for current limitation are combined 
in one unit. 

GLOW SWITCH EQUIPMENT 

The latest development in starting 
switches is based on the negative 
glow discharge principle used in neon 
indicator lamps. At first, this. glow 
switch merelv replaced the thermal 
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BI- METAL 
STRIP 


REACTOR LINE 


Fig. 2—Fluorescent glow switch control diagram. 


switch although it was placed ex- 
ternally on the control case rather 
than within it. Its development, 
however, suggested certain other 
changes so that equipment now 
widely adopted is designed to sepa- 
rate the various requirements of 
lamp operation. 

The switch is enclosed in a small 
glass bulb and consists of two elect- 
rodes, one of which is made from a 
bi-metallic strip (Fig. 1). These are 
separated under normal conditions 
and form part of a series circuit 
through the lamp electrodes and the 
reactance. When voltage is applied, 
no current flows except as a result 
of the glow discharge between two 
electrodes of the switch. A heating 
results which, by the expansion of 
the bi-metallic element, causes the 
electrodes to touch. This_ short 
circuiting of the switch, which takes 
one or two seconds to be completed, 
allows a substantial flow of current 
to preheat the lamp electrodes. There 
is enough residual heat in the switch 
to keep it closed for about one-half 
second, a suitable period for the pre- 
heating. With the opening of the 
switch, the resultant high voltage 
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surge starts normal lamp operation. 
If the lamp arc fails to strike, the 
cycle is repeated. 


The switch does not again glow (if 
the lamp arc is established) since it 
is so designed that the remaining 
available electrical potential is in- 
sufficient to cause a breakdown be- 
tween its electrodes. Thus, it con- 
sumes no power and if the lamp is 
turned out, is available for immedi- 
ate restarting. 

The first application of the glow 
Switch was in the glow relay control 
Which consists of a reactance and a 
capacitor enclosed in a case with an 
externally mounted switch (Fig. 2). 

BALLASTS AND STARTERS 

The latest application of the glow 
Switch is designed to separate the 
Switch and capacitor from the re- 
actance. The latter is described as 
a Fluorescent Lamp Ballast, while 


‘the switch and condenser are com- 


bined in a Fluorescent Lamp Starter. 
CHA ary): 

The starter consists of a glow 
switch and condenser which are en- 
closed in a small aluminum con- 
tainer with contacts which may be 


easily inserted in a _ bayonet-type 
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Fig. 3—Fluorescent single-lamp ballast diagram. 


adapter socket. This socket may be 
an integral part of the standard 
lampholder attached to it by a single 
screw or merely connected to it 
electrically. Usually the starter is 
so placed that it projects through a 
hole in the lamp reflector and be- 
comes as readily replaceable as the 
lamp itself. The switch provides the 
lamp electrode preheating and the 


starting surge; the condenser sup- 
presses radio interference. Since the 
switch is designed to operate between 
critical voltage limits, the proper 
starter must be used for each particu- 
lar lamp to insure satisfactory start- 
ing. The ballast is a current limit- 
ing device consisting of a reactor or 
high reactance transformer enclosed 


in a metal case. Since the switch 


LAMP (LAGGING CURRENT 


GLOW 
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TRANSFORMER 
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Fig. 4—Fluorescent two-lamp ballast. 
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has been separated from it, ballasts 
are considerably smaller than com- 
plete control units. 


Two LAMP BALLASTS 

Fig. 4 shows a schematic diagram 
of a two lamp ballast. Certain practi- 
cal advantages result from the choice 
of an electrical circuit which com- 
lbines under one cover th2 equipment 
for the control of two lamps. Chief 
among the advantages are improved 
power factor, decreased stroboscopic 
effect and reduced auxiliary losses. 
Simplified and therefore cheaper wir- 
ing is another advantage. 

Each lamp is operated through 
separate reactors. These reactors are 
supplied from a common auto-trans- 
former for 30- and 40-watt lamps on 
118-volt circuits, but no transformer 
is required for 15- and 20-watt lamps 
on 118-volt circuits or 30- and 40-watt 
lamps on 208- or 236-volt circuits. 
A capacitor is connected in series 
with one lamp and its reactor to give 
“leading” current. The leading and 
lagging currents will combine with a 
resulting line power factor of 95 to 
99 percent. 

The currents in the two lamps will 
be approximately 115 degrees out of 
phase. Therefore, the maximum dip 
in cyclic flicker will occur at differ- 
ent intervals on the cycle and the 
flicker from the combined light out- 
put on the two lamps will be mini- 
mized. 

STARTING COMPENSATOR 

The starting compensator should 

be used with all 80- and 40-watt two- 


lamp ballasts. One compensator is 
required for each two lamp ballast 
and it is connected in the starting 
circuit of the lead lamp, Fig. 4. The 
compensator functions only while 
the lamp is starting and is discon- 
nected from the circuit when the 
glow starter opens. 


OPERATING CHARACTERISTICS OF LAMPS 
AND AUXILIARIES 


Inherently, the fluorescent lamp is 
different from the incandescent and 
hence, it is necessary to understand 
certain characteristics to best judge 
those fields in which it may be ap- 
plicable. Obviously, the incandescent 
lamp has become a basic standard 
of artificial lighting during the 60 
years it has been available and any 
other light source can best be ex- 
plained by comparison with it. 

The operating characteristics are 
described in the order listed below: 


_— 


Voltage 

. Frequency 

Power Factor 

. D-C Operation 

. Stroboscopic Effect 
. Brightness 

. Coolness 

Color 


OO. O =]. Or B&B COUN 


Lamp Life 


a 
& 


. Lumen Maintenance 


pmb 
i 


Temperature 


_ 
iw) 


. Radio Interference 


bt 
ew) 


. Noise 
» Vibration 


(To be continued) 
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The Story of the Units 


By H. S. Baker, Meter Supervisor, H.E.P.C. of Ontario 
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AN has been placed in a 
universe, the physical as- 
pect of which reaches our 
perceptions through the 
agency of the physical trinity 


“Length’’, ““Mass”’, “Time’’. 

The scientists of the ages have read 
with awe and reverence in the book 
of Mother Nature, of the miracles 
and laws written therein for them to 
read concerning the physical trinity 
“Length”, “Mass”, “Time’’. 

The inner mechanisms of these 
three entities are as much beyond our 
ken as an electric generator is beyond 
the ken of an ordinary fishworm, 
hence, we must accept them as beyond 
our reach and undertake to solve only 
such attributes as may lie within our 
ability to observe and comprehend. 


We will then assign three arbitrary 
units with which to measure quanti- 
ties of these three entities and we 
will call the units “one centimetre’, 
“one gram’, ‘‘one second”’. 

A given length will be L centi- 
metres. 

A given mass will be M grams. 

A given time will be T seconds. 

Now, from the above three funda- 
mental units, together with various 
physical laws which the scientists of 
the ages have discovered with almost 
infinite patience and effort, we will 
develop, step by step, absolute units 
for the various other physical quan- 
tities that we wish to measure. 

We will also establish the relative 
amounts of the above three entities 


or “dimensions” that enter into each 
physical quantity. The usefulness of 
this last operation will not be discuss- 
ed here but it will illustrate the sub- 
servience of all physical quantities to 
the above fundamental three. 

Below are enumerated, in consecu- 
tive order, steps by which the units 
of various physical quantities may be 
established as based on the funda- 
mental three and upon various physi- 
cal laws. 

The first few steps concern “Abso- 
lute Mechanical Units” and we will 
start with the quantity “Velocity”. 

VELOCITY 

Unit—one centimetre per second. 

Quantity—V centimetres per sec- 
ond. 

Law—V units equal L eentimetres 
divided by T seconds. 

V=L/T and the dimensions are LT* 
ACCELERATION 

Unit—one unit of velocity attained 
in one second. 

Quantity—a units of acceleration. 

Law—a units of acceleration equal 
V units of velocity attained in T 
seconds or 

bie Vy ipeee el ey eer oe 
and the dimensions are LT”. 


FORCE 

Unit—one dyne. 

Value—the force necessary to pro- 
duce unit acceleration when applied 
to unit mass. 

Quantity—F dynes. 

Law—When F dynes are applied to 
M grams the resulting acceleration is 
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a units of acceleration where :— 
Bee Mas CM (Le) = LMT? 


WORK 

Unit—one erg. 

Value—the work done by one dyne 
acting through one centimetre. 

Quantity—wW ergs. 

Law—When F dynes act through L 
centimetres, W ergs of work are done 
or 

Wes tse (VEL ale eve 

POWER (or rate of working) 

Unit—one erg per second. 

Valwe—the rate of working repre- 
sented by one erg being expended per 
second. 

Quantity—P ergs per second. 

Law—When W ergs are expended 
every T seconds, the power is P ergs 
per second or 

eee e/a Ly 

There are other absolute mechan- 
ical units that are derived in a sim- 
liar manner but they are not needed 
in the present step by step develop- 
ment of electrical units. 

We will now pass from the Abso- 
lute Mechanical Units to the Absolute 
Electromagnetic Units and then to 
the Practical Electrical Units. 

A fresh start will then be made by 
passing from the Absolute Mechanical 
Units to the Absolute Electrostatic 
Units and comparisons will be made 
between the Absolute Electromagnetic 
Units and the Absolute Electrostatic 
Units of similar quantities measured. 


ABSOLUTE ELECTROMAGNETIC UNITS 

In this development of the Abso- 
lute Elecromagnetic Units, the sur- 
rounding medium is assumed to have 
unity permeability such as vacuum or 
air. 
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MAGNETIC POLE STRENGTH 
Unit—one unit magnetic pole. 
Value—the value is such that when 
two unit poles are placed one centi- 
metre apart, the resulting magnetic 
force is one dyne. 

Quantity—m units of pole strength. 


Law-—when two magnetic poles of 
strength m each, are placed L centi- 
metres apart, the resulting force is 
F dynes where 


2 


m 
Bie Oy 
Be 
m = LVF = LVLMTY = 
L® M*% T? 


CURRENT 

Umt—one abampere. 

Value—the current which, flowing 
in one centimetre of a circuit (in one 
plane) at all points distant one centi- 
metre from a unit magnetic pole in 
that plane, exerts a force of one dyne 
upon the pole. 

Quantity—I abamperes. 

Law—When L, centimetres of an 
electric circuit, at all points distant 
L, centimetres from a magnetic pole 
of m units strength (all in one plane) 
carries a current of I abamperes, then 
the force exerted on the pole is F 
dynes where: 


bag eae | 
he or 
Ps, 
FE: (EME tis 
I= = L% M! T? 


mL, (L%&M%T") L 


QUANTITY OF ELECTRICITY 

Unit-—one abcoulomb. 

Value—when one abampere flows 
for one second, the total quantity of 
fiow is one abcoulomb. 

Quantity—Q abcoulombs. 
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Law—a current of I abamperes 
flowing for T seconds discharges Q 
abcoulombs of electricity or 
Q = IT = (L4M*T") T= L2M*% 


TOTAL MAGNETIC FLUX 
Unit—one magnetic line or one 
maxwell. 

Value—the amount of flux that 
passes through one square centimetre 
of the surface of a sphere of one 
centimetre radius when a unit mag- 
netic pole is placed at its centre. 

Quantity—6 magnetic lines. 

Law—when a magnetic pole of m 
units strength is placed at the centre 
of a sphere of L, centimetres radius, 
then the quantity 9 of flux passing 
through L’, square centimetres of the 
surface is 

Mls. Gl ieee ae 
= a aes See er eta 

1 iy 


—L% MY T? 


MAGNETIC FLUX DENSITY 
Unit—one magnetic line per square 
centimetre. 
Value—one magnetic 
square centimetre. 
Quantity—B lines per square centi- 
metre. 
Law—The flux density B is the 
total flux ¢ divided by the area L’ or 
g Le M2 
B = — = ——— = L 2 M*T 
Le L? 


line per 


VOLTAGE 

Unit—one abvolt. 

Value—the voltage generated in a 
conductor when it is cut by one mag- 
netic line per second. 

Quantity—V _ abvolts. 

Law—When ¢ lines cut a conductor 
in T seconds the generated voltage is 


V=¢6/l = Le Met yt bea er 


Now that the abampere and abvolt 
have been defined, the abohm, abwatt, 
abfarad, abhenry follow quite simply. 

Since the Absolute Electromagnetic 
Units are too small or too large for 
convenient practical use, a system of 
Practical Electrical Units has been 
internationally agreed upon, each of 
which is some power of ten times the 
corresponding Absolute Electromag- 
netic Unit. 


The following table gives the rela- 
tions between Practical Electrical 
Units and Absolute Electromagnetic 
Units. 


Absolute Electro- 

Practical magnetic 
One ampere equals 10° abamperes 
One volt equals 10° abvolts 
One watt equals 10° abwatts 
One joule equals 10° ergs 
One ohm equals 10° abohms 
One coulomb equals 10° abcoulombs 
One farad equals 10° abfarads 
One microfarad equals 10 abfarads 
One henry equals 10° abhenrys 


Absolute electrical units can be de- 
rived from the centimetre, gram and 
second fundamentals by a second 
method which is just as logical as 
the first. 

The second system is called the 
Absolute Electrostatic System and the 
values are widely different from the 
first. The dimensions will, for the 
present, also appear very different 
from the first, even though represent- 
ing the same quantities. The differ- 
ence in values and dimensions are 
touched upon below and suggest some 
great physical law. This second sys- 
tem starts off with a study of electro- 
static charges instead of magnetic 
poles as before. 
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ABSOLUTE ELECTROSTATIC UNITS 

The surrounding medium, in this 
study, is assumed to have unity dielec- 
tric constant such as vacuum or air. 


QUANTITY OF ELECTRICITY 


Unit—one statcoulomb. 

Value—the value of static charge 
which, if placed one centimetre from 
a similar charge exerts on it a force 
of one dyne. 

Quantity—Q statcoulombs. 

Law—when two charges of Q stat- 
coulombs are place L_ centimetres 
apart the force exerted is F dynes 
where 


Q° 
Oe Or 
Tt? 
Q = LVF = LVLMT = 
L*® M% T? 


CURRENT 
Unit—one statampere. 
Value—the value of current which 
discharges one statcoulomb per second. 
Quantity—I statamperes. 
Law—When Q statcoulombs are dis- 
charged in T seconds, the current is 


I statamperes where 
Voce Q/T =— [2 M* ibagea = [92 Nel 


VOLTAGE 


Unit—one statvolt. 

Value—the voltage difference be- 
tween a point infinitely removed from 
one unit static charge and a point one 
centimetre from that charge. 

Quantity—V statvolts. 

Law—The statvoltage V at a point 
L centimetres from a charge 
Q is Q/L = L* M% T"/L = L4 M* T” 

Now that statamperes and statvolts 
are defined the other quantities follow 
quite simply. 
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COMPARISON OF ABSOLUTE MAGNETIC 
AND STATIC UNITS 

If we divide the dimensions of elec- 
trostatic current (L%*% M™”% T”) by the 
dimensions of electromagnetic current 
(L% M*% T*) we get L/T which is a 
velocity, and measurements show that 
it is the velocity of light being 3 x 10” 
centimetres per second or 186,000 
miles per second. 

We will call this great natural unit 
of velocity Vi which ties together two 
members of the fundamental trinity of 
entities, “Length” and “Time’’. 

Einstein has shown that “Mass” is 
also tied in to this velocity, in that 
when a moving mass has attained 
the velocity of light, its mass has 
dwindled to zero and in place of 
mass, a definite quantity of energy 
appears. If you divide energy 
(L?’ MT~*) by mass M you get L’?T” 
which is the square of a velocity. 

Experimental checks on this state- 
ment of Einstein are found in a study 
of the curvature of the paths of ma- 
terial particles which travel at velo- 
cities that are sensible fractions of 
the velocity of light, as in X-ray tubes. 

Einstein’s “Theory of Relativity” 
consists in the modification of ortho- 
dox physical mathematics and physical 
laws in such a way that they not only 
will fit physical facts for material 
travelling at velocities with which we 
are familiar but will also fit physical 
facts for material travelling at veloc- 
ities comparable with that of light. 

If we set up a row of unit static 
charges, one centimetre apart and 
cause them to follow each other at the 
velocity of light, we have an electro- 
magnetic current of one abampere, or 
10 amperes. This illustrates the fact 
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that a moving static charge develops 
definite magnetic effects depending on 
its velocity. 


The phenomenon of light consists 
of electromagnetic and _ electrostatic 
oscillations travelling along at the 
velocity Vi. The motions of the static 
charges give rise to magnetic oscilla- 
tions which in turn cause cuttings of 
lines and hence, voltage oscillation, 
causing, in turn, further static oscilla- 
tions of charges. 


Below is a table giving the relations 
between electromagnetic and electro- 
static units for the same quantities. 
Vi = 8 x 10” centimetres per second. 


Hlectromagnetic EHlectrostatic 


One abohm equals V,” statohms 
One abvolt equals V,’ statvolts 
One abampere equals V; statamperes 
One abcoulomb equals V; statcoulombs 
One abfarad equals V,” statfarads 
One abhenry equals V;* stathenrys 
One abwatt equals V,” statwatts 


In the above table an evident error 
appears, in that we say that a current 
expressed in Electrostatic units is 


equal to a velocity times the same 


SZ Se 


current expressed in Electromagnetic 
units. 

In deriving the dimensions of the 
electromagnetic units we started with 
a medium having unity permeability 
and took its dimensions as unity. Simi- 
larly, in the electrostatic units we took 
the dielectric constant of the medium 
as having unity dimensions. 

Had we taken the dimensions of 
permeability “ as L” and that of the 
dielectric constant K as T’, or had we 
taken “ as T’ and K as L” then the 
dimensions of any quantity in Elec- 
tromagnetic and Electrostatic units 
would be alike as they should be, and 
the relations between the magnetic 
and static units would be pure num- 
bers and would be power of (3 x 10”). 

Since the dimensions of “ and K in 
terms of L, M and T are unknown, it 
is necessary (as shown in the hand- 
books) to state the complete expression 
for a given quantity in two different 
ways, one containing L, M, T and # 
and the other containing lL, M, T 
and K. 

They would become alike if the cor- 
rect dimensions of “ and K were 
known and substituted in the complete 
expressions as given. 


AS oe 
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Training—A 


Leader’s Job 


By E. J. Kreh, Manager, Accident Prevention, Philadelphia 
Company and Subsidiary Companies, Pittsburgh, Pa. 


S one interested in accident 

prevention, I should like to 

say at the outset that I 

regard effective training as 
the first essential of the safety pro- 
gram. In fact, safety is the direct 
result of capable leadership and skill- 
ed workmanship. 

Regardless of the capacity of the 
safety director or the soundness of 
his program, I do not believe you can 
reduce accidents without competent 
supervision. I contend that no pro- 
gress can be made without some 
training, supervision, or other means 
of control, even though it be poor. 
Further, the quality and extent of 
the leadership will determine the ulti- 
mate results. 

These convictions have been crystal- 
lized by my experience of more than 
thirty years in handling accidents. 
During that time I have seen startling 
and repeated evidence that leadership 
which directs the acts of men so that 
they function properly is the major 
factor in accident prevention. 

I should like to submit the evidence 
on which I base these conclusions: 


HACT Noid 
Groups with concentrated supervi- 
sion have a lower accident rate than 
groups controlled by limited or thinly- 
spread supervision. The correctness 
of this theory is substantiated by the 
records of the National Safety Coun- 


Abstract of an address before the Pennsylvania 
Electric Association. 
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cil. The first ten industrial enter- 
prises with the lowest accident fre- 
quency rates in 1939 are: tobacco, 
cement, printing and publishing, steel, 
laundry, automobile, chemical, ma- 
chinery, glass and rubber. All of 
these operations are carried on under 
direct supervision. 

In contrast, a number of industrial 
groups in which supervision is limited 
or less concentrated are to be found 
with higher accident rates. True, 
some closely supervised industries 
also have high accident rates, but I 
consider it significant that public 
utilities, petroleum, transit, marine, 
construction, mining and lumbering— 
all industries in which the workman 
is not constantly under the watchful 
eye of the foreman—are among the 
leaders in accidents. 

Some may be inclined to challenge 
these obvious conclusions on the basis 
that some of these industries are 
more hazardous. This may be true in 
some respects, but I submit that. 
transit is not more hazardous than 
steel, nor public utility work more 
hazardous than the manufacture of 
glass, automobiles, or heavy machin- 
ery. Thirty years ago, steel had an 
accident rate as high as mining, yet 
today it ranks fourth on the list. Is 
this not evidence that concentrated 
supervision, with the training and 
man-building facilities it provides, is 
an important factor in accident pre- 
vention ? 
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If you do not agree, try the experi- 
ment in your own company. You will 
find, I am sure, that groups with lim- 
ited supervision have a higher acci- 
dent rate than groups with concen- 
trated supervision regardless of the 
hazard index. For example, customer 
contact men, such as meter readers 
and collectors, who work without con- 
stant supervision, will be found to 
have a higher accident rate than the 
man on the pole, the repairman in the 
power station, or the electric me- 
chanic in the substation. In my own 
company, this group has an accident 
rate substantially higher than the op- 
erating group with greater hazard. 
One conclusion is obvious: Leader- 
ship, the training it provides, and the 
pressure it creates are the predom- 
inating influences. 


Fact No. 2 

Groups with limited, or even sub- 
standard supervision have lower acci- 
dent rates than wholly unsupervised 
or uncontrolled groups. Some of the 
most striking comparisons are: 

Deaths off the job exceed those at 
work. The National Safety Council 
is authority for the statement that 
while 15,500 gainfully employed per- 
sons lost their lives through occupa- 
tional accidents during the year 1939, 
25,000 gainfully employed persons 
met their death in accidents after the 
whistle blew. Some companies find 
ratios ranging as high as 6 to 1. 

The home accident rate compared 
with the industrial accident rate is 
another outstanding example. In 1938, 
the ratio of home accidents to indus- 
trial accidents was 2 to 1. 

Despite the fact that Allegheny 
County is the world’s center for heavy 


industry, where its workers are ex- 
posed to the hazards of mining and 
the making of steel, the ratio of pub- 
lic accidents to industrial accidents in 
the year 1938 was 4 to 1. 


SAFER TRANSPORTATION 

In the transportation field from 
1927 to 1939, the fatal accident rate 
for commercial trucks decreased 29 
per cent; for motor buses, 50 per 
cent. During the same period, the 
private passenger car rate increased 
18 per cent. Commercial vehicle dri- 
vers and all other drivers who work | 
under supervisory control, consistent- 
ly have lower accident rates than un- 
controlled groups. 

In the early days of the steam 
railroad, there were many serious ac- 
cidents. Railroads were considered 
notoriously unsafe, and laws were 
passed prohibiting speeds of more 
than fifteen miles an hour. To-day, 
supervisory control and training have 
made the steel coach the safest place 
on earth. 

Only a few years ago, air travel 
was considered a dare-devil under- 
taking. Now it is recognized as a re- 
liable and safe means of transporta- 
tion. Supervisory control and train- 
ing’ ‘did that: “Ine dact,.in sany nerd 
examined, there is positive evidence 
that competent leadership, training, 
and the controls they provide are the 
predominant factors in safety. 

Some may contend that many ac- 
complishments in the controlled groups 
were due to engineering skill rather 
than the training and development of 
supervision and employees. 

True enough, in some of its me- 
chanical and physical phases, safety 
is an engineering problem, but even 
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in that respect the problem resolves 
itself into one of leadership and train- 
ing of the engineer so that he will 
incorporate into his designs consider- 
ation for the safety of the human 
being who is to make use of his crea- 
tions. Out of every human endeavour, 
whether it be work, play or leisure, 
the problem of safety ensues. To my 
way of thinking, a man will be safe 
only when he has learned how. 


EFFICIENCY T0O 

As early as 1926, the American 
Engineering Council, after a survey 
of almost 14,000 plants engaged in 
manufacturing varied types of pro- 
ducts from boots to steel, concluded 
that management, and that means 
training and control of the behaviour 
of men, had a direct bearing upon 
efficiency and accidents. The data they 
collected from all of these companies 
consistently showed that those plants 
which had the highest production per- 
formance also had the lowest accident 
rates; that there was a close relation- 
ship between safety and production; 
a relationship so pronounced and con- 
sistent throughout as to indicate a 
fundamental of management which 
they stated as follows: 

Maximum productivity is depend- 
ent upon the reduction of accidents 
to an irreducible minimum. 

Injury accidents are usually the 
only mistakes which are recorded. The 
same faults, whether they be in lead- 
ership or in men, which produce cther 
losses, are not recorded. If the same 
faults produce two identical evils, 
then it follows that by measuring the 
known factor, you can determine the 
value of the unknown. Thus the acci- 
dent rate can and is used as a reliable 
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measure of the competency of super- 
vision, and the reliability of men. It 
was plainly evident from this survey 
that if management desired maximum 
productivity, it must reduce human 
failures to a minimum. By doing 
this, they would cure both evils. 

A review of the historical back- 
ground of the safety movement brings 
further evidence that real progress 
was not obtained until there was rec- 
ognition of the value of training and 
personnel administration. 

In the early days of the safety 
movement, in large measure, employ- 
ment procedure was more or less hap- 
hazard. It was usually the job of the 
first line supervisor, who had few fa- 
cilities and little training with which 
to determine the applicant’s capacity 
or skill. In the absence of medical 
information, men were hired without 
knowledge of their physical qualifica- 
tions. Foremen usually rose from the 
ranks because of manual skill or 
seniority. Consideration for leader- 
ship qualities and training ability was 
neglected. Apprenticeship training 
was haphazard and left without guid- 
ance in the hands of older workers; 
some of doubtful skill who passed on 
their bad habits and practices to the 
new employee. | 

In those days, we had ten to fifteen 
times as many accidents as we have 
today, but we did not think they were 
too numerous at that time. We did 
issue general warning to be careful, 
but our safety instructions did not 
show the men how to be careful. We 
did erect guards and caution signs, 
and we did take the indicated action 
within our knowledge to prevent a re- 
currence of the accident. We did not, 
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safety as we do today, neither did we 
study our processes to discover the 
obvious hazards. But above all, we 
did little training, and what was done 
was haphazard. 

In 1916, the Workmen’s Compensa- 
tion Act, removing the employer’s de- 
fense at common law, became oper- 
ative in Pennsylvania. It set up def- 
inite schedules for payments which 
were to be made regardless of fault. 
The only question involved was 
whether the employee was injured in 
the course of his employment. Before 
enactment of this law, many believed 
it would add prohibitive cost burdens. 
This actuated management in all lines 
of business to search for factual data 
which would tell them the expected 
cost burdens based upon their past 
experience. This review forced many 
to admit that if the prevailing acci- 
dent rate would continue, it would 
impose serious handicaps. 

When we were faced with the prob- 
lem of accident prevention, we knew 
little about technique. Our first 
efforts were directed toward the 
guarding of machinery and the modi- 
fication of the worker’s point of view. 
Apparently in this endeavour we 
made many mistakes, because we met 
stubborn resistance. The workers re- 
sented the safety-first signs and slo- 
gans. They rebelled when compelled 
to attend a safety meeting. We had 
to combat the spirit of bravado which 
gave applause to the man who took 
long chances and brought ridicule to 
the men who took the safe way. 

It was some time before we recog- 
nized that a large bulk of the accidents 
were due to bad work habits, ignor- 


ment, lack of planning and physical 
incapacity, such as slow reaction, poor 
vision and other physical defects. 


It was not until after the World 
War that we began to realize that 
safety was primarily a human problem 
which rooted deeply into the social 
life. This realization was forced upon 
41s by another social betterment pro- 
ject, known as industrial relations, 
which began to take form within in- 
dustry at that time. It had for its 
aims correct employment procedure, 
training and development of super- 
vision, training of men, and medical 
care — objectives exactly parallel to 
those involved in safety. It was, there- 
fore, natural that safety should ally 
itself with that project, for in it were 
found the procedures required to 
evolve the safety movement from an 
emotional creed to a sound man-build- 
ing program. 

I believe that safety would not have 
reached its present level of accom- 
plishment without the aid of that 
phase of management which has for 
its objectives, employee development 
through: 

1. Selection, training, and proper 
placement of new employee. 

2. Retraining, development, and ad- 
vancement of the old employee. 

3. Training and development of 
supervision to the point where they 
may become more competent leaders, 
managers, teachers, and builders of 
men. 

4. Medical care, rehabilitation, or 
transfer of those found unfit to suit- 
able occupations. 

An examination of these objectives 
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in detail will furnish further proof 
for my argument. 


TRAINING THE NEW EMPLOYEE 


It takes a long time to develop the 
skill and reliability of the new em- 
ployee. During the training period, I 
believe, it will be found that new em- 
ployees will become involved in acci- 
dents more often than experienced 
workers. At least, that seems to be 
true in our own group of companies, 
for when we plotted the frequency 
curve on the basis of job experience, 
it showed definite decreasing trends 
as the experience increased. This was 
particularly evident in a study we 
made of a newly hired group of sev- 
_ eral hundred operators who had been 
| carefully selected and trained for an 
average of one month before assign- 
ment to the job. 


Despite this careful selection and 
training, we found these new men in 
their first month’s service developed 
an average accident rate approximate- 
ly five times greater than the average 
rate of the whole group of older men. 
It also showed that it took about 
eighteen months for this group of 
new men to reach the average per- 
formance levels of the older group. 


While I do not know what the acci- | 


dent rate would have been without 
care in selection and training, I do not 
doubt that it would have been many 
times greater. It was not possibile to 
measure other factors, such as errors 
in public contact, delays in schedules, 
or other indirect losses, but it seems 
reasonable to conclude that these, too, 
would have been much greater with- 
out sound employment and training 
procedure. 
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The training period represents a 
sizeable investment through losses re- 
sulting from accident costs and 
through errors producing waste, 
breakdowns, and spoilage of products. 
It therefore seems apparent to me 
that if we can accelerate the develop- 
ment of the new employee safety and 
plant efficiency will profit. 


RETRAINING THE OLDER MAN 

It is well known that many of the 
older employees are prone to higher 
frequencies than their fellow workers. 
This may be due to lack of job skill 
or bad work habits. Obviously, re- 
training by skilled teachers should 
benefit these men. Some companies 
are, with great success, using the in- 
dividual’s accident record as a means 
to measure performance, and to iso- 
late those in need of retraining. This 
procedure presumes, and I believe cor- 
rectly so, that accidents of manual 
workers are the only mistakes they 
make which are recorded. It is there- 
fore probable that the same error 
which produced the accident had been 
repeated many times before the in- 
jury occurred. 

Faulty practices are often acquired 
by skilled mechanics and taught by 
them to others. Consequently, it can- 
not be assumed that an experienced 
and skilled man will make a _ good 
teacher. To insure proper training, 
some companies have found it prac- 
tical to analyze the details of repeti- 
tive jobs, and to develop standard- 
ized, approved procedures before they 
are taught. In this respect the prac- 
tice of the American Telephone and 
Telegraph System is a notable ex- 
ample. In our own company, we have 
done likewise. For instance, al! of 
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the procedures for taking a boiler or 
a power line out of service and re- 
turning it to service have been de- 
tailed and standardized. The pre- 
scribed operations include the safety 
factors involved. These are taught to 
all employees engaged on that job. 

It may not be practical to standard- 
ize all job procedures where many 
varied occupations are involved, but 
where it can be done, it is a definite 
step forward in the interest of safety. 


MEDICAL CARE 

Safety men everywhere recognize 
the difficulty of controlling accidents 
which are directly due to the physical 
incapacity of the man. A great many 
of these accidents are caused through 
assignment of men to jobs which are 
beyond their physical capacity. Not- 
able examples are: 

Light men for heavy work. 

Men with poor vision assigned to a 
job which requires acute vision. 

Men with heart lesions engaged in 
work in the vicinity of moving mach- 
inery. 

Men with flat feet and fallen arches 
on jobs which require a great deal of 
walking. 

Men who are subject to dizziness 
required to climb. 

Through pre-employment examina- 
tions, it is possible to hire physically 
fit men, or through knowledge of their 
incapacity, it is possible to place them 
at work which they can perform with 
safety and normal efficiency. Through 
periodic examinations, it is possible to 
transfer or rehabilitate those found 
physically defective. 

It has been found that the accident 
rate of the group, represented by em- 
ployees of advanced age, is greater in 


some respects than the rate of those 
in middle adult life. It seems reason- 
able to believe that physical handicap 
is one of the causes. Periodic phys- 
ical check-up, followed by transfer, 
rehabilitation, or retirement, where 
indicated, should greatly benefit the 
safety program. 


SUPERVISION 

Supervision is the keystone in the 
arch upon which the business struc- 
ture rests. It is also the keystone 
in the arch supporting the safety pro- 
gram. If it is weak, the best that is 
in men lies dormant or dies through 
lack of leadership nourishment. With- 
out capable leadership, job training is 
poor or entirely absent. Under such 
conditions, obvious hazards remain 
hidden and accidents are numerous. 

Without capable leadership, job in- 
structions are inadequate, sometimes 
missing entirely, and there is no fol- 
low-through. Such supervisors fail to 
recognize that the right to give an 
order carries with it the obligation to 
see that it is carried out. They lay 


the blame for accidents on the work- 


man and fail to recognize their own 
shortcomings as a factor in the man’s 
failure. They curse the man when 
he fails to follow instructions instead 
of searching for the cause for that 
failure in their own kind of leader- 
ship. They believe that their orders 
must be enforced by threats of dis- 
charge or lay-off. 

The real leader is capable of guid- 
ing and directing his group to bring 
out the best they have, and in doing 
so, he has them realize that they 
benefit by his direction. He possesses 
qualities which his followers want 
and can use to their own advantage. 
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He demonstrates that he understands, 
appreciates, and sympathizes with 
their aims and needs. He plans every 
job. He instructs and follows through 
to see that his instructions are car- 
ried out. He is always busy learning 
more about the job of his men 
through contact with others so that 
he may teach more. His aim is to 
build men and his greatest satisfac- 
tion comes when they advance and 
progress. 

He does not require threats to en- 
force his instructions. The loyalty he 
has earned insures obedience to his 
commands. He is the type of man 
management is attempting to build 
through supervisory training courses; 
a program which does more to insure 
tne success of safety than any other. 
In this field will be found the train- 
ing man’s biggest and most important 
job. 


PS 


If there be any doubt of the im- 
portance of the supervisor’s place in 
the accident prevention program, 
measure ‘the accident performance 
rates of supervisors engaged in sim- 
ilar enterprise. Wide variations will 
be found; some groups with perfect 
accident records and others with high 
frequencies. If all other conditions are 
equal, the fault must lie with the 
supervisor. Conclusive experiments 
can be made by shifting supervisors. 
I think it will be found that the good 
accident rate of any group will always 
follow the competent leader. 


CONCLUSIONS 


I hold fast to the theory that safety 
is first, last, and all the time a natural 
by-product of competent leadership— 
a leadership capable of cultivating 
and using the best that is in men.— 
National Safety News. 


1940 


AUGUST, 


258 


THE BULLETIN 


WMT «THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO Miiiliiilt0UNNIINIIIUNIITIITININ StI 


66 U 235 99 


SING a mass spectrometer 

of their own construction, 

Dr. K. H. Kingdon and Dr. 

H. C. Pollock of the General 
Electric Research Laboratory, Schen- 
ectady, N.Y., have isolated a minute 
quantity of the rare form of uranium 
known as “U-235”. It may some day 
be possible to take from such material 
several million times the energy to be 
obtained from burning an_ equal 
weight of coal. 


On the basis of present knowledge, 
however, the quantity separation of 
U-235 from the more common form 
looks very difficult. Only a hun- 
dredth-millionth of a gram, about one 
thirty-billionth of a pound, of U-235 
has been isolated at Schenectady. 

“These separation experiments con- 
stitute a step toward the goal of tap- 
ping the storehouse of energy known 
to exist in atomic nuclei,” explains 
Dr. Kingdon. “Important progress in 
this direction was made some years 
ago when it was discovered that neu- 
trons, nonelectrical particles of mat- 
ter, even when moving slowly could 
disintegrate atomic nuclei and release 
some of the energy contained therein. 
But much more energy was required 
to produce the neutrons than was set 
free by them. 


“A possible way out of this diffi- 
culty became evident when it was 
found that the disintegration of ura- 
nium when provoked by neutrons, pro- 
duced other neutrons which might in 
turn attack other uranium atoms and 
so produce a chain reaction. This re- 


action does not take place, however, in 
naturally occurring uranium. 

“Ordinarily uranium is a mixture 
of three kinds of atoms, weighing re- 
spectively about 238, 235 and 234 
times as much as a hydrogen atom, 
and it seemed likely that only one of 
these kinds was capable of being ex- 
ploded by slow neutrons. The mass 
spectrometer offers a means of separ- 
ating atoms of different masses and, 
with this instrument, Dr. Pollock and 
myself were able to separate sufficient 
quantities of each kind of uranium to 
determine which one was responsible 
for the energy release. 


“Professor A. O. Nier at the Uni- 
versity of Minneosta has prepared 
Similar samples with a mass spectro- 
meter. Both sets of samples were 
sent to Columbia University where 
tests with slow neutrons from the 
cyclotron showed that the U-235 


atoms were the ones which exploded. 


“It is generally thought that at 
least a pound of U-235 would be re- 
quired to make possible the energy- 
releasing chain reaction. The prepar- 
ation of such a quantity of U-235 
seems quite out of the question with 
existing mass spectrometers, since 
the maximum possible yield of these 
instruments is about one ten-billionth 
of a pound per hour. 

“Other possible methods of separa- 
tion are being studied and, if from 
this work a method adapted to quan- 
tity production should 
would have a new 


result, 
kind of energy 


we 
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source which might have important 
uses.” 


The interest in U-235 is based on 
the fact that when an atom of it is 
struck by a “slow” neutron, it ex- 
plodes with the liberation of 200,000,- 
000 electron volts of atomic energy 
into two other elements and several 
“fast”? neutrons. A typical pair of ele- 
ments resulting from such an explo- 
sion would be barium and krypton. If 
the fast neutrons can be slowed by 
hydrogen, as in water, and a sufficient 
quantity of additional atoms of U-235 
provided as targets, it is thought that 
a chain reaction may be developed. 
Sufficient U-235, however, has not 
been separated for a test of this 
hypothesis. The breaking down of 
the atom of uranium into the atoms 
of two other elements constitutes a 
realization of the ancient alchemist’s 
dream of transmuting one metal into 
another. 


Dr. Kingdon and Dr. Pollock sep- 
arate U-235, which is found roughly 
one in 140 parts of common uranium, 
from uranium tetrachloride. This is 
vaporized by heating to several hun- 
dred degrees in a tiny electric oven. 
As the vapor comes through a tiny 
slit it is bombarded by a beam of 
electrons which makes uranium ions 
of it. The whole apparatus lies in a 
magnetic field of suitable strength 
and, as the voltage accelerating the 
ions is varied, U-235 and the other 
varieties of uranium, known _ to 
science as isotopes, are collected on 
platinum plates at the end of a cop- 
per tube. 

Dr. William D. Coolidge, director of 
the Research Laboratory, regards 
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identification of U-235 as the isotope 
responsible for the energy release as 
an important scientific achievement, 
but emphasizes the fact that many 
grave problems must be solved before 
any practical use can be made of 
atomic power. 


Dr. Kingdon is a graduate of the 
University of Toronto. He worked 
on anti-submarine devices for the 
British Admiralty during the World 
War. In the General Electric Re- 
search Laboratory, he has been asso- 
ciated with Dr. Irving Langmuir in 
the study of thorium and caesium.— 
Electrical Digest. 
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Five Accidents in One 


The following amusing letter, ad- 
dressed to an Insurance Company in 
Ottawa, Ontario, appeared in a recent 
issue of The Financial Times, Mont- 
real. It is signed by “Can I take it?” 
and reads :— 


“Gentlemen — The soullessness of 
corporations such as yours is astound- 
ing. Let me review my case. I carry 
an accident policy in your company by 
the terms of which you agreed to pay 
me $25.00 a week during such time as 
I was prevented from working be- 
cause of an accident. 


A week ago I went around on Sun- 
day morning to inspect a new house 
that is being built for me. I climbed 
the stairs, or rather the ladder now 
located where the stairs will be when 
the house is finished, and on the top 
floor I found a pile of bricks which 
were not needed there. Feeling in- 
dustrious, I decided to remove the 
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bricks. In the elevator shaft was a 
rope and pulley, and on one end of 
the rope was a barrel. I pulled the 
barrel up to the top floor, and after 
walking down the ladder, fastened the 
rope firmly, at the bottom of the 
shaft. Then I climbed up the ladder 
again and filled the barrel with 
bricks. Down the ladder I went again, 
five storeys, mind you, and untied the 
rope to let the barrel down. The bar- 
rel was heavier than I was, and before 
I had time to study the proposition, 
I was going up the shaft with my 
speed increasing every minute. I 
thought of letting go of the rope, but 
before I had decided to do so, I was 
so high up that it seemed more dan- 
gerous to let go than to hang on. So 
I held on. 

Half way up the elevator shaft | 
met the barrel of bricks coming down. 
The encounter was brief but spirited. 
I got the worst of it and continued 
cn my way towards the roof. That 
is, most of me went on, but my epi- 
dermis clung to the barrel and re- 
turned to earth. Then I struck the 
roof at the same time as the barrel 
struck the cellar. The shock knocked 
the breath out of me, and the bottom 
out of the barrel. 

Then I was heavier than the empty 
barrel, and I started down the shaf: 


while the barrel started up. We met 
in the middle of the journey, and 
again the barrel uppercut me, pound- 
ed on my solar plexus, barked my 
shins, bruised my body and skinned 
my face. When we became disen- 
tangled I resumed my journey down- 
ward and the barrel went higher. 
Soon I was at the bottom and stopped 
so suddenly that I lost my remarkable 
presence of mind and let go of the 
rope. This released the barrel which 
had reached the top of the shaft and 
it fell five storeys and landed squarely 
on me, and it landed hard, too. 

Consider the heartlessness of your 
company. I sustained five accidents 
within two minutes. One on my jour- 
ney up the shaft when I met the bar- 
rel of bricks; the second when I 
touched the roof; the third when I 
met the empty barrel; the fourth 
when I struck the bottom; the fifth 
when the barrel struck me. 

Your agent states that it was only 
one accident, not five, and instead of 
receiving a payment at the rate of five 
times $25.00 I am only entitled to one 
accident at the rate of one alone. I 
therefore request you to cancel my 
policy, as I have made up my mind 
that I will not be skinned either by a 
barrel or an Insurance Company.’’— 
Distribution of Electricity. 
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DGAR THOMAS JOHN graduating from the Faculty of Ap- 


BRANDON, who for over 

thirty years was Chief Elec- 

trical Engineer of The Hydro- 
Electric Power Commission of On- 
tario, passed away at his home in To- 
ronto on Monday, September 23, 1940. 
Edgar was born in Toronto in 1880 
where he _ received his education, 
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plied Science and Engineering of the 
University of Toronto with the degree 
of B.A.Sc. in 1902. Soon after grad- 
uation he entered the employ of The 
Ontario Power Company at Niagara 
Falls, where he stayed until 1905. 
Following this he went to the Buffalo 
Pole Line Company at Courtland, 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discus- 
sion of “Hydro” matters and to main- 
tain the co-operative sprit between 
municipalities, as well as between 
municipalities and the Commission. 
Articles of interest are invited for 
publication. 


N.Y., for a few months. He then 
went to the firm of W. C. Johnston at 
Niagara Falls, N.Y., for about a year. 
Next he spent some time with Sellers 
and Rippey of Philadelphia’ and 
Seranton, Pa., going from there to 


H. L. Cooper of New York, the Un- 
derwriters Engineering Company of 
New York, and then to Hudson Com- 
pany of New York. In 1907 he re- 
turned to Toronto and joined the City 
Engineers department, where he stay- 
ed until in April, 1908, he came to 
The Hydro-Electric Power Commis- 
sion of Ontario, as Electrical Engi- 
neer. 


It was about this time that the 
Commission was planning for the ac- 
tual delivery of power to the co- 
operating municipalities, so that he 
had an active part in the planning 
and construction of the Commission’s 
generating and transformer stations 
and transmission lines from the very 
beginning. At the end of 1938, ow- 
ing to ill health, he was relieved of 
his departmental duties with the 
Commission, being retained by the 
Commission on a consulting basis. 


During his leave-of-absence there 
were times when he seemed to have 
much improvement of health, and 
would be a regular attendant at the 
Commission’s office. Lately, however, 
the condition that was troubling him 
became more acute, and finally car- 
ried him away. 

Mr. Brandon is survived by his 
widow, one son and one daughter, 
and to these we extend our sympathy 
in their bereavement. 
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The Hydro Exhibit 


of The 
Hydro-Electric Power Com- 


HE 1940 Exhibit 


mission of Ontario in the 

Electrical Building at the 
Canadian National Exhibition was 
basically the same as in 1939, which 
the accompanying pictures illustrate. 
However, in order to place greater 
emphasis on Hydro’s service to indus- 
try in helping to maintain and even 
increase its war effort, some changes 
were made, particularly in the cen- 
tral section of the display. 


Miniature generating stations were 
set up at the foot of the falls, and 
transmission towers and power lines 
erected leading to a group of model 
war plants in the foreground from 
whose doors issued aeroplanes, tanks, 
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tractors and other war equipment. To 
complete the picture a miniature 
armoured train rumbled its way 
around a track encircling the plants. 


The lights gleaming through the 
little windows of the factories and 
power plants, the movements of the 
train, the water tumbling over the 
falls and surging from the spillways 
all Jent a general air of activity that 
caused the passing crowds to stop and 
investigate. 


The illuminated glass map of the 
distribution system was again used 
on the face of the eastern wing of the 
exhibit, but the graphical illustration 
of rate reductions was replaced by 
one more readily interpreted by the 
average person. Representations of 
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light bulbs and coins, in sizes propor- 
tional to the reduction in cost with 
increasing quantities of power con- 
sumed, were used to convey the mes- 
sage of “Cheap Hydro Power.” 


To add action to the “One Cent Dis- 
play” on the faee of the west wing the 
large disc representing the coin was 
made to revolve, which resulted in in- 
creased interest in this section. 


In advance of the Exhibition suit- 
able literature had been prepared in 
quantities for general distribution. 
One item was a blue card about 3 
inches by 5 inches tabulating the 
number of hours various domestic ap- 
pliances may be operated for 
cent’s worth of electricity. 


one 
For ex- 


ample, in the average Ontario home 
one cent will provide refrigeration for 


twenty-four hours. These cards re- 
ceived popular acceptance. Another 
item was a special folder emphasizing 
Hydro as “Ontario’s Vital Public 
Service to Homes, Farms, Offices and 
Factories.” 


Judging both from the increase in 
questions asked and the greater num- 
ber seeking information from the at- 
tendants in charge, people seemed 
much more keenly interested in Hydro 
this year than ever before. It would 
appear that, once again, a real step 
had been taken in impressing upon 
the public the thought of the un- 
breakable alliance between Hydro and 
the people of the Province. 


INDIC34! 
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Georgian Bay Municipal 
Electric Association 


HE 1940 Annual Meeting of 

the Municipal Hydro Com- 

missions in the Georgian 

Bay district was slated to be 
held at Owen Sound. The Owen 
Sound Commission and the Executive 
of the Association chartered the S.S. 
Keewatin for an all day cruise and 
the meeting was accordingly held 
afloat on Georgian Bay on Tuesday, 
September 10th. 

The President, John Kalte of Han- 
over, as chairman, introduced John 
McQuaker, Chairman of the Owen 
Sound Public Utilities Commission, 
who in the absence of Mayor George 
Marron, extended a most cordial wel- 
come to the delegates. 

Mr. Kalte expressed regrets that the 
Hydro Chairman, Dr. T. H. Hogg and 
the Hydro Commissioners were un- 
able to be present. He reported on 
visits by the Executive of the Asso- 
ciation when matters concerning ad- 
ditional sources of power were dis- 
cussed with Dr. Hogg. The action 
taken by the Executive in reference 
to guarding of power stations was 
also reported by him. 

Fitting references were made to 
cnewpassingr of -T: “JP sHannigan’ of 
Guelph, Secretary of the O.M.E.A., 
and of John Taylor of Hanover, one 
of the charter members of the Asso- 
ciation and a past president of the old 
Eugenia Electric Association of 
which he was one of the founders. 

Officers elected for the next year 
are as follows,— 
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Honorary President 
John Kalte, Hanover. 


President 
Alfred Menary, Grand Valley. 


lst Vice-President 
R. D. Boyes, Alliston. 


2nd Vice-President 
R. J. Beaulieu, Penetanguishene. 


Secretary-Treasurer 
H. S. N. Denef, Hanover. 


Directors 
Dr. J. Marcus, Kincardine. 
C. J. Halliday, Chesley. 
G. F. Hutcheson, Huntsville. 
P. E. Byrne, Beaverton. 
W. Dixon, Arthur. 
John McQuaker, Owen Sound. 
W. Brown, Meaford. 


A committee appointed to deal with 
the revision of the Annual Fees 
brought in the recommendation that 
the charge for fees be $1.25 per 100 
horsepower with a minimum of $4.00 
per annum under 100 horsepower, and 
a minimum of $5.00 per annum over 
100 horsepower, and a maximum of 
$20.00 per annum. This recommend- 
ation was accepted. 

Dr, Wm. J. Chapman of St. Cath- 
arines Public Utilities Commission 
and President of the Ontario Muni- 
cipal Electric Association outlined a 
number of matters that should be 
given consideration, including the li- 
censing of electrical contractors, ar 
agitation to tax public utilities and 
highway lighting. 

R. T. Jeffery, Chief Municipal En- 
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gineer of The Hydro-Electric Power 
Commission of Ontario reviewed 
events of the past year in the Geor- 
gian Bay system, and referred to the 
decision of the Commission to instal 
a frequency changer set at Hanover 
and a second generating plant on the 
Musquash river at Big Eddy. He 
showed how the Georgian Bay sys- 
tem load had nearly doubled during 
the past ten years, and that a further 
increase of 35 to 40 per cent was ex- 
pected during the next five years. 
The frequency changer set is neces- 
sary to guarantee a sufficient supply 


BPS 


GFE 


of power to the system during the 
time required to build the Big Eddy 
plant, and also to assist in the con- 
servation of water for other plants of 
the system. In addition, the fre- 
quency changer would give two 
sources of supply from the Niagara 
system, instead of one as at present, 
which is very desirable. 

Although the weather was most un- 
favorable, everyone agreed that they 
had had a most enjoyable time. It 
was decided to hold the meeting at 
Owen Sound again next year but on 
an earlier date. 


BOE 


Electrical Pioneering in Canada 


NDER the title “A Look 

to the North” Electrical 

World has an editorial re- 

ferring to some details of 
electrical practice that may be seen 
by delegates to the A.I.E.E. conven- 
tion scheduled to be held in Toronto 
next June, and which it considers as 
pioneering work on this continent. 
Some of these practices have been de- 
scribed in former issues of this publi- 
cation while a few have been develop- 
ed by The Hydro-Electric Power Com- 
mission of Ontario. Such reference 
gives us a certain feeling of pleasure, 
and we therefore reproduce the edi- 
torial in part as follows,— 

One of the exhilarating things 
things about electrical practice is 
that there are usually several good 
ways of accomplishing any desired 
objective. Also, as fast as good 


ways give in to better ones there 
come new ways to keep progress 
active. ‘That lends zest to the jobs, 
but it does, at the same time, raise 
questions whether there is justifica- 
tion for all the differences between 
American practice and what is done 
elsewhere. 

Take Canada, for example, and it 
is a good example because it is 
nearest to us geographically, techni- 
cally and temperamentally. Up 
there they used thermal meters long 
before we found virtue in them. 
They use series surge absorbers ex- 
tensively while we hold to shunt 
devices. In places they fuse dis- 
tribution transformers on a loading 
basis, rather than for fault protec- 
tion, and claim good results. They 
apparently followed the European 
lead on Petersen coils before we 
got interested. They have been 


VOL. XXVII, No. 9 


THE BULLETIN 


267 


ATT «s THE HyYDRO-ELECTRIC POWER COMMISSION OF ONTARIO AUUUAUGUEUGANUUAGNGEAAV AEA EL AUEUEAEA UTADA HATA 


using single-phase switching for 
years, and now we see merits in 
that. Meanwhile, of course, they 
adopt our advances in other direc- 
tions. However, they find occasion 
for reopening questions which we 


BP 


5S A 


consider reasonably well settled— 
instance their association program 
of studying the efficacy of preserva- 
tive treatments for poles. They 
have their own answer for conduc- 
tor vibration troubles. 


ko sd 


Service to War Industries 


HE Bulletin takes pleasure in 
publishing a letter from the 
Chairman to the Hydro util- 
ities, offering engineering 

assistance to war industries, as fol- 
lows :— 
Dear Sirs: 

At present, when every effort is 
being expended to produce the essen- 
tial materials required for the de- 
fence of the British Empire, it is ex- 
tremely important that every assist- 
ance be given to Industry, and par- 
ticularly War Industry. 

The Hydro-Electric Power Commis- 
sion wishes to co-operate with your 
utility in every way possible in ren- 
dering such services as we can for the 
prosecution of these War efforts. 
Aside from supplying continuous 
power service, your utility can be of 
great assistance for National Defence 
by making sure that all possible is 
done to ensure that War production is 
not retarded in any way because of 
improper application, or lack of use of 
electrical energy. 

It is in this connection that I be- 


lieve we can be of assistance to you. 
In our Sales Promotion department 
we have Power and Lighting engi- 
neers, who are well qualified and 
eager to be of assistance to your in- 
dustrial customers, in helping them 
to utilize electrical energy effectively 
and economically. They are prepared 
to make plant surveys, free of charge, 
to see that electricity is used to best 
advantage. They can give engineering 
advice and help on problems relating 
to the application and use of electric 
power, and can be of assistance in ob- 
taining information on new processes 
and on new equipment. 

I hope you will make this service 
known to your Industrial customers, 
and that you will make full use of the 
facilities which we have to offer you. 
For further information and assist- 
ance, please communicate with Mr. 
M. J. McHenry, Director of Sales 
Promotion, 


Yours very truly, 


(Signed) T. H. HOGG, 
Chairman. 
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Lighting For Industry 


By F. G. Reed, Illuminating Engineer, H.E.P.C. of Ontario 


ITH the all-out Canadian 
war effort business is 
reported to have increas- 
ed about 20 percent in 

the first seven months of this year as 
against the same period in 1939. The 
stimulus of war orders has made its 
effect felt only in recent months. In 
anticipation of the effort still to come 
active plants have been enlarged and 
re-equipped, and some that have been 
practically idle for years are either 
producing or will be doing so before 
long. 

Considered entirely apart from its 
“stop Hitler’ aspect, the speed-up is 
being conducted on a sound business 
basis, with lowered production costs 
the target of every manager. Pur- 
chases of raw materials, whether of 
man-hours of labor or kilowatt-hours 
of electricity, are made with an eye 
to what they can produce. Purchas- 
ed lighting, for instance, while fre- 
quently considered just another item 
of overhead expense, must be regard- 
ed with a view to what it can deliver. 
If it can make a return on the money 
put in it then it is something more 
than mere overhead, it is a good fi- 
nancial investment. It should be 
planned and ‘installed with that 
thought in mind. 


THE VALUE OF GOOD LIGHTING 

From the dollars-and-cents point of 
view good factory light is good 
business. A number of industria] 
plants have co-operated in checking to 
see what improved plant lighting has 


done for them. The noted advantages 
may be summarized as follows: 


1. Greater accuracy of workman- 
ship, resulting in an improved qual- 
ity of product with less spoilage 
and rework. 

2. Increased production and de- 
creased costs. 

3. Better 
space. 

4. More easily maintained clean- 
liness and neatness in the plant. 

5. Greater ease of seeing, espe- 
cialy among older, experienced 
employees, thus making them more 
efficient. 

6. Less 
ployees. 

7. Improved morale among em- 
ployees, resulting in decreased 
labor turnover. 

8. Fewer accidents. 

The reasons for some of these re- 
sults are obvious; others have be- 
hind them more obscure factors that 
are only discovered in the science lab- 
oratory. When all is said and done 
it is the results that count; and those 
that have taken the trouble to check 
tell us that these are the advantages 
they have found. 

Take Item 1, for instance. Good 
illumination increases accuracy of 
workmanship. With articles of pre- 
cision manufacture good lighting per- 
mits a very close visual check 
throughout the whole process. Slight 
defects which would otherwise be 
seen only at the final inspection, and 


utilization of floor 


eyestrain among’ em- 
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result in rejection at that time, can 
be seen as they occur. In this way 
much time and labor can be saved. 

Now take Item 2. An increase in 
illumination from 1 foot-candle to 20 
foot-candles increases the speed of 
seeing approximately three times. 
This improvement often occurs upon 
the installation of a modern lighting 
system. The increased speed of see- 
ing affects practically everything the 
workman does. The time he for- 
merly wasted in seeing is available 
for productive work. Automatically 
and without conscious effort his work 
output is increased. 

Even where automatic machines 
are used good lighting is important. 
It assists operators to easily locate 
and correct troubles that may be 
causing low quality production. Some 
machinery, as in the textile industry, 
is semi-automatic and operates at 
constant speed until breakage of the 
material occurs. The time of shut- 
down varies from 5 to 30 percent of 
total time. Good lighting greatly de- 
creases the time required to locate 
and repair the trouble. This results 
in measurably increased production. 
Summing up: a human being is a ma- 
chine; and all things else being equal, 
he works best under good lighting but 
not nearly as well under poor light- 
ing. 

FACTORS IN GOOD JLLUMINATION 
Quality of Lighting. 

So much has been said about foot- 
candles in modern high-level lighting 
that many people overlook the matter 
of quality. If quality were given no 
consideration, you could double the 
light in your factory without making 
any improvement in seeing conditions. 
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It would be an extreme case, but it 
would be possible. Actually it often 
occurs that a 100 percent addition of 
light gives from 50 to 75 percent the 
improvement it should. That is why 
lighting should be planned to fit the 
job. 

Glare is a factor in quality. It in- 
terferes with seeing, cuts employee 
efficiency, and sometimes creates acci- 
dent hazards. Reflected glare may be 
just as objectionable. It results from 
lighting fixtures of the wrong kind, 
or in the wrong locations, or both. 
Reading the graduations on the barrel 
of a micrometer is one of the tasks 
made difficult by reflected glare. The 
proper lighting fixture correctly plac- 
ed makes seeing much easier. 

Diffusion and direction are also fac- 
tors in quality. The kind of lighting 
that is good for one job may be the 
worst sort for another. For instance, 
a good way to light for tin plate in- 
spection is by means of a large-area 
low-brightness diffuser located so that 
the tin plate reflects the lighting fix- 
ture. The scratches and unplated 
spots are seen against the mirrored 
image of the light source. But if you 
wish to inspect sheets of roofing ma- 
terial for wrinkles it is best to use a 
sharp directional light striking the 
surface obliquely, casting shadows, 
and revealing surface defects by 
Shadow contrast. Neither of these 
jobs could be done properly under the 
lighting that is good for the other; 
yet they are both commonly done un- 
der lighting units that do not give the 
proper light for either. 

Quantity of Light. 

Even the best artificial lighting 

systems supply meagre light compar- 
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Fig. 1—General lighting with “high bay” reflectors. 


ed to that found out of doors. The 
ideal result (within the limits of 
economy) is obtainable when a com- 
petent lighting specialist, who knows 
the how and why of lighting, co- 
operates with the workman who 
knows what he must see to perform 
his task. . 
In order to obtain an improved 
quality of product with decreased 
spoilage, fewer accidents, and less 
wear and tear on the human machine, 
it is necessary to provide much more 
light than required for barely seeing. 
There are in use many installations 
supplying from 25 to 50 ft-c. of gen- 
eral lighting and some supplementary 
lighting of from 200 to 250 ft-c. 
These have been found to be profit- 
able since the benefits derived much 
more than offset the operating cost. 


TYPES OF LIGHTING 
General Lighting. 


Where there is no _ sky-light or 
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monitor, and all natural light must 
come through side windows, very 
little light penetrates to any distance 
inside the windows. Even on bright 
days it drops from a possible 100 
ft-c. at the windows to as little as 5 
ft-c. 15 feet inside the room. Mor- 
over, approximately one-half the days 
of the year are dull days, according to 
Ontario meteorological records. Nat- 
ural light is therefore not dependable; 
and unless there is good artificial 
lighting most of the workers are un- 
fairly penalized. 


Figs. 1 and 2 show how well- 
planned general lighting makes seeing 
easy all over the plant. The drawings 
on page 270 illustrate the various 
types of fixtures that may be used for 
general. lichting... Group: i is. for 
‘“high-bay” mounting (30 ft. or over), 
and Group 2 is for “low-bay” (under 
30 ft.). Incidentally, No. 1 of Group 
3 is a low-bay fixture which in certain 
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Fig. 2—General lighting with “low bay” reflectors. 


cases is preferred for its quality of 
lighting. This is the fixture used in 
the installation shown in Fig. 2. For 
coarse or medium seeing jobs general 
lighting such as illustrated in these 
two photographs is excellent. 

Distribution of general lighting 
should be uniform throughout the 
work area. This reduces contrast and 
affects the eyes more favourably than 
spotty lighting. Besides, it gives 
maximum utilization of floor space. 
Machines and benches may be rear- 
ranged at any time for more efficient 
operation without having to consider 
“whether there is enough light for 
the job over in that corner’. Direct 
lighting units should be spaced no 
farther apart than their height above 
the floor. 


Local Lighting. 
Seeing tasks of varying degrees of 
severity are frequently encountered, 


and for these general lighting is in- 
adequate. It would cost a great deal 


Fig. 3—High intensity lighting plus 
good general lighting makes seeing 
easier, 
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to raise the all-over lighting level to 
a point suitable for many fine seeing 


jobs. Local or supplementary light- 
ing is the answer to these problems. 
As the name implies, it supplements 
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Fig. 4—Large area diffusers for shinymetal parts—buffing. 


but does not displace general lighting. 
The latter is quite necessary, other- 
wise high contrast between lighted 
and unlighted areas will result, with 
consequent eyestrain. A good ratio 
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Fig. 5—Fluorescent lighting in a hosvery mall. 


to work to is 8 to 1, or 10 to 1, be- 
tween local and general] lighting in- 
tensities. 

Fig. 3 illustrates the use of one 
type of supplementary lighting equip- 
ment. Fig. 4 is another. There are 
five or six types in all. Neither of 
these fixtures in Figs. 3 and 4 would 
suit the requirements of the work on 
which the other is used. . 

Polished surfaces such as microm- 
eters, Scales, etc., require well diffused 
lighting, best supplied by fixtures like 
those in Group 3 on page 270, Nos. 2 
and 8 in the group. A few other 
practical uses of large-area diffusers 
are hand setting of type, imposing 
stones, tin plate inspection, buffing 
and inspection of small polished meta] 
parts. 


another 


Concentrating supplementary fix- 
tures are illustrated in Group 5. They 
are used for various types of ma- 
chines including band-saws, stamping 
machines, sewing machines, scribing, 
inspection of sheet materials for 
wrinkles, and other jobs. 


The following are some of the 
more common seeing tasks for which 
supplementary lighting of one kind or 
is required: all hand-fed 
machine tools, woodworking, typeset- 
ting and imposing, weaving (small 
looms), sewing for leather and cloth 
industries, candy-making, engraving, 
assembly of small parts, automobile 
pits and lifts, automobile washing, 
business machines, and inspection of 
every type of manufactured equip- 
ment. Supplementary lighting units 
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should always be specified and located 
by a lighting expert. 


FLUORESCENT LIGHTING 

This is a radically different type 
of light source to those with which 
most people are familiar. The lamp 
“bulbs” are long and tubular, and 
they give off light from a chemical 
coating on the inner surface of the 
tube. This coating is caused to 
“fluoresce” by the action of invisible 
ultra-violet rays inside the tube. 

While this type of light source and 
the various fixtures in which it is 
used have not reached their final de- 
velopment, many good applications 
have already been found. Fig. 5 
illustrates its use in a hosiery mill 
where continuous lines of fluorescent 
tubes in semi-concentrating reflectors 
deliver a good level of illumination of 
excellent quality. 

One of the immediate problems in 
fluorescent lighting is to overcome 
the flicker effect of 25 cycle current, 
which makes it impracticable in many 
cases. This has been partially neu- 
tralized, and probably future research 
and improvements will broaden the 
field for its use. One of its great ad- 
vantages (where it can be used) is 
that it makes possible more ideal 
levels of illumination at a moderate 
current cost. 


MAINTENANCE OF GOOD LIGHTING 

A lighting system that is good 
when first installed will soon deterior- 
ate unless properly maintained. The 
factory owner should establish a 
regular system of maintenance so that 
skylights, side windows, lighting fix- 
tures, and lamps are kept. clean, in 
proper adjustment, and,in good re- 
pair. One way to handle this problem 
methodically is to check the illumina- 
tion from time to time with a light 
meter. When it has decreased to 75 
percent of its initial value the equip- 
ment should be washed with soap and 
water. Sometimes group replacements 
of lamps can be made to coincide with 
a cleaning period and so save in main- 
tenance cost. Especially in high-bay 
installations, lamps should all be re- 
placed at one time to ensure constant 
lighting service from every fixture. 


Walls and ceilings should be re- 
painted, preferably in. light tones, at 
regular intervals. With indirect 
lighting systems the ceilings must be 
kept white. When planning a new 
system some depreciation should be 
allowed for, and the new installation 
must be better than it is expected to 
become under average operating con- 
ditions. 

Halftone cuts courtesy of Canadian General 


Electric Co., Ltd.; Curtis Lighting of Canada, 
Ltd.; Amalgamated Electric Corporation Ltd. 
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Frost Resistant Concrete 


By R. B. Young, Testing Engineer, H.E.P.C. of Ontario 


(Continued from August.) 


Up to now, this paper has dealt en- 
tirely with the causes for the deteri- 
oration of concrete from frost action 
but this is not its primary purpose, 
which is to indicate how frost re- 
sistant concrete may be made. How- 
ever, the former is necessary to a 
determination of the latter, just as in 
medicine, diagnosis is necessary be- 
fore medication. But in medécine, 
medication is for the purpose of cur- 
ing sickness, whereas this paper 
deals with prevention rather than 
cure, for the subject of the repair of 
concrete already damaged, has been 
dealt with at some length by the 
writer and others in the publications 
of the Institute, to which those hav- 
ing problems of rehabilitation, are 
referred. 

A frost resistant structure may be 
said to start with its designer who 
should, at all times, keep in mind, 
the question of its exposure and 
maintenance. For example, he should 
provide sufficient drains wherever 
needed, so designed that they will 
not plug or otherwise become inoper- 
ative in use. Pockets where moisture 
can collect and stand should be 
guarded against, such as behind par- 
apet walls and where intersecting 
surfaces form sharp angles. Hori- 
zontal surfaces should be provided 
with sufficient fall so that the inevit- 
able inequalities of finishing will not 
leave low areas from which water 
will not drain. If at all avoidable, 


drains should not be allowed to spill 
onto concrete surfaces but should be 
extended so that the drainage will 
fall free. Other precautions will sug- 
gest themselves to the alert designer. 


Construction joints should also re- 
ceive careful consideration. Those 
that have to perform as contraction 
joints should be so designed that 
when fully closed, destructive pres- 
sures that might weaken the concrete 
by overstressing, will not be develop- 
ed for this makes them more liable 
to frost attack. Chamfering the edges 
of joints to avoid pinching is a good 
way of preventing this sort of 
trouble. Joints, the purpose of which 
is solely to divide the structure into 
convenient units for construction, 
should be carefully laid out in ad- 
vance, not left to the whim of the 
builder. Horizontal joints should be 
avoided near the ground line of 
foundations or near the water line of 
water impounding structures. One 
way of solving the horizontal joint 
problem is to eliminate them where- 
ever possible. The organization with 
which the writer is connected, has 
done this since 1930 in all retaining 
walls, gravity dams, sluiceway piers, 
etc., up to 70 feet in height, casting 
these in one continuous operation. No 
difficulty that could not be antici- 
pated by careful planning has been 
experienced with this method. From 
the standpoint of appearance and 
maintenance, the practice has been a 
complete success. 
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A primary requisite for frost re- 
- sistant concrete is impermeability 
and low absorption, and the technical 
literature has, for years, contained 
many excellent articles describing 
how such concrete may be made. Most 
authorities recommend for concrete 
exposed to weathering, a minimum 28- 
day compressive strength of at least 
3,000 p.s.i. and a maximum water- 
cement ratio of not over 6 to 644 U.S. 
gallons of water per sack of cement. 
In general, these requirements will 
result in frost resistant concrete, 
provided materials and workmanship 
are satisfactory, and while durable 
concrete may be obtained with lower 
strengths or more mixing water, any 
lessening of these standards should 
be done only after consideration of 
both the particular materials to be 
used and the exposure to which the 
structure will be subjected. 

Since the characteristics of the 
concrete mixture are so important a 
factor in obtaining frost resistant 
concrete, care should be taken to see 
that there is plenty of mortar present 
to carry the coarse aggregate, and any 
error should be on the side of over- 
sanding. The sand should contain 
plenty of fines, at least ten percent 
passing the No. 50 sieve, preferably 
more. If, for watertight concrete, a 
choice has to be made between a sand 
coarser than this and one approach- 
ing the upper limit of fineness al- 
lowed by standard specifications, that 
is 30 percent passing the No. 50 sieve, 
the writer would favour the latter, in 
spite of the fact that more cement 
would be required. Many will not 
agree with these particular recom- 
mendations, and, the writer, knowing 
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this, makes them with some reluct- 
ance but he is of the firm opinion, 
based on no little experience and ob- 
servation, that they are sound and 
that much concrete which would 
otherwise be satisfactory, has scaled 
and deteriorated because the fine ag- 
gregate used in its construction was 
lacking in essential fines. 

It should be remembered also, that 
some of the fines necessary for good 
concrete are supplied by the cement. 
While it may seem to be good econ- 
omy to use lean mixes, it should be 
done cautiously and with full know- 
ledge of all the circumstances, for, 
depending on the size and type of 


aggregates, and the method of placing, 


a certain minimum amount of cement 
is required for purposes of density. 
It is true that we are learning how 
to make better concretes with less 
cement but for the average job it is 
still a safe rule to avoid lean mixes. 


Workmanship is of the first im- 
portance in obtaining a frost resist- 
ant concrete. Every means should 
be taken to avoid segregation and all 
handling and placing equipment 
should be so chosen and arranged as 
to avoid, as far as possible, separa- 
tion of the mortar from the aggre- 
gates. Chutes, if permitted at all, 
should be confined to short lengths 
for final placing; the handling of 
concrete in the forms should be kept 
to'a minimum, i.e., it should be placed 
initially in that part of the form it 
is intended finally to occupy; vibrat- 
ors should not be used to move con- 
crete from one part of the form to 
another; overworking of vertical 
faces should be guarded against and 
only enough puddling done to keep 
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the large aggregate away from the 
forms. Overfinishing of horizontal 
surfaces should be avoided, especi- 
ally where they are to be exposed to 
the weather; a float finish is, on the 
average, more resistant to frost than 
one that has been steel trowelled, not 
because of anything inherently 
wrong with the latter but because 
less skill is required to produce it 
satisfactorily under average job con- 
ditions. 

Although not discussed at any 
length when considering defects 
commonly giving rise to frost deteri- 
oration, the use of excess water is 
frequently a contributory cause of 
segregation, particularly to that form 
known as “water gain’, in which 
water tends to separate from the mix 
and collect in the top part of sections 
being cast. Thus the use of overwet 
mixes is to be avoided as increasing 
the likelihood of segregation and its 
attendant evils, and in planning for 
frost resistant concrete, care should 
be taken that the means for handl- 
ing and placing the mixes do not 
jeopardize its quality by requiring 
wet consistencies for their success- 
ful and economical use. 

Finally, skilled and adequate su- 
pervision is among the requirements 
for frost resistant concrete. It should 
take the form of attention to all of 


the usual factors considered neces- 
sary to good concrete, with particu- 
lar attention to those features that 
have been indicated here as being the 
principal causes for frost deteriora- 
tion. The supervision will usually be 
performed by inspectors under the 
direction of an engineer and it is 
important that these inspectors be 
experienced men of good judgment, 
cognizant of the importance of at- 
tention to details. Few good jobs 
just happen; they will be found to 
have had expert and detailed super- 
vision, usually by a resident inspector, 
and anyone desiring frost resistant 
conerete should not overlook this im- 
portant and highly significant fact. 

In conclusion, let me repeat that 
the requirements for frost resistant 
concrete are only those already ac- 
cepted as necessary for quality con- 
erete. However, experience has in- 
dicated that more than average care 
should be taken to have it imperme- 
able and of low porosity and absorp- 
tion, especially in those places where 
the structure may be wet for con- 
siderable periods of time. Harsh 
mixes, coarse sands, excess water 
and segregation from whatever 
cause, should be avoided. Finally, 
concreting should be done only under 
competent and adequate supervision. 
These are in brief, the requirements 
for frost resistant concrete. 
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The Fluorescent Lamp 


Its Auxiliary Equipment and 
Operating Characteristics 


By G. F. Mudgett, Manager I[Ilumination Dept., 


Canadian 


Westinghouse Co. Ltd., Hamilton, Ontario 


(Continued from August.) 

1. Voltage 

As with incandescent lamps, varia- 
tions in supply voltage produce 
variations in light output. Within 
reasonable ranges, it may be assumed 
that a one percent voltage drop de- 
creases the light output 2 percent 
while a one percent rise increases it 
by 2 percent. This is shown on the 
characteristic curves, Fig. 5. Auxili- 
aries are designed for three standard 
voltages—118, 208, 236. In general, 
best lamp performance is obtained 
when line voltage is kept within the 
rating limits of the auxiliaries. At 
either under or overvoltage condi- 
tions, the lamp electrodes do not 
operate at their greatest effective- 
ness. 


At lower voltage electrodes do 


not reach high temperatures and they 
are overworked, while overvoltage 
causes excesive heating that quickens 
the loss of the emissive material. 
The result in either case is shortened 
life accompanied or preceded by ex- 
cessive blackening. Also, high volt- 
age may over-heat the auxiliary while 
under-voltage may cause uncertain 
starting. 

Occasionally, even though avail- 
able line voltage is satisfactory, low 
voltages occur due to momentary 
overloading of the line, or other 
emergencies. For most fluorescent 
lamps, a drop of more than 25 per- 
cent will extinguish the lamp; its 
period of restarting upon return of 
voltage will depend on the type of 
switch in the control circuit. Fluor- 
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Fig. 5—Effect of voltage on fluorescent lamp characteristics. 
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INCANDESCENT LAMP 
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Fig. 6—Incandescent lamp load. Power factor is 100 per cent, 


escent lamps are, therefore, not satis- 
factory for “dimmer” service. 


2. Frequency 

The current limiting characteris- 
tics of the reactor or high reactance 
transformer depend directly upon the 
power supply frequency for which 
units are designed. With lower fre- 
quencies, the reactance is reduced, 
and higher current will flow through 
lamp. Shorter lamp life and over- 
heated auxiliaries will result. With 
higher frequencies, less current will 
flow with similar adverse effects on 
the lamp life and its lumen output. 

Auxiliaries must, therefore, be de- 
signed specifically for particular fre- 
quencies. Operation at frequencies 
less than 60 cycles, seriously in- 
creases the problem of stroboscopic 
effect and, therefore, standard equip- 
ment is not available. 
8.. Power Factor 

On alternating current circuits, 
the statement that volts multiplied 
by amperes equal watts, holds true 
only when the voltage and current 
are “in phase”. The amount of phase 
difference is called “power factor” 
which equals watts divided by volts 
times amperes. If watts equal volts 
times amperes, power factor is 1.0 
or 100 percent. However, 100 per- 


cent power factor only occurs when 
the energy consuming device is a 
pure resistance type (for example, an 
incandescent lamp) or if a number of 
different devices neutralize each 
other. For example, Fig. 6 gives the 
electrical values in a circuit with an 
incandescent lamp load. Note that 
current is .85 amperes and power 
factor is 100 percent. 


However, the reactor or high re- 
actance transformer used with fluor- 
escent lamps produces a definite “out 
of phase” relation between voltage 
and current which results in a power 
factor of about 55 percent. Fig. 7 
shows a 100-watt fluorescent lamp 
load. Note that current has increased 
to 1.54* amperes and a power factor 
of 55 percent. At a power factor of 
55 percent current is increased 82 
percent over that for a similar load 
with 100 percent power factor. 


Since low power factor in fluores- 
cent lamps is primarily a result of 
the reactance, it may be raised by 
the addition of a capacitor or con- 
denser to the circuit. (Fig. 8). Note 
that the current is reduced to .94 
amperes and the power factor cor- 
rected to 90 percent. The exact rat- 


*Note: The value of 1.45 amp. (Fig. 7), should 
read 1.54 amp. 


VOL; XXVIII; No. 9 


THE BULLETIN 


281 


sMUUUCRLCUUEQAUEQUUOQUUUULUUHUALITLEHIHEEMNNN THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO LUUTLTLENTENTUUULEVERULLCEACULATEUTELU EAT ERQ EEL ATL CHEL EEE 


|  AMMETER 
LINE 


/00 WATTS 
FLUORESCENT LAMPS 
INDUCTANCE AND RESISTANCE LOAD 


Fig. 7—Fluorescent lamp load. Power factor is 55 per cent. 


ing of the capacitor depends on the 
degree of correction desired and the 
size and number of lamps to be 
balanced. While a capacitor may be 
placed anywhere in a circuit to im- 
prove power factor, its effectiveness 
in reducing current is only from the 
point of application to the source of 
power. Therefore, it should be 
placed near the lamp. With capaci- 
tors available which are designed to 
fit in wireways or in the lighting unit 
itself, no particular difficulty should 
be encountered in doing this. Oc- 
casionally, other considerations sug- 
gest the use of one large capacitor 
for a complete installation but, in this 
case, all branch circuits and branch 
circuit equipment must be designed 
for the larger current accompanying 
the lower power factor. 


AMMETER 


Single lamp ballasts with power 
factor correction and _  two-lamp 
auxiliaries are particularly effective 
since power factor correction is an 
integral part of each unit. 

4. D.C. Operation 

The fluorescent lamp is basically 
an a.c. lamp and while adaptable to 
d.c. cannot be expected to give equal 
performance. Al] published ratings 
are based on a.c. operation. 

By adding suitable resistances to 
thermal switch control circuits (Fig. 
9) and to certain other types of 
circuits, 15- and 20-watt lamps may 
be operated with reasonable satis- 
faction, although their life, over-all 
efficiency and lumen maintenance are 
adversely affected. With 30- and 40- 
watt lamps, specific trouble with 
starting and non-uniform output may 
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Fig. 8—Fluorescent lamp load with power factor corrected to 90 per cent. 
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Fig. 9—Method of connecting resistors in circuit. 


be experienced, and their use on d.c. 
is not reeommended. This trouble is 
due to the bombardment of electrons 
in one direction only, which among 
other things, pushes the heavy 
mercury molecules to one end of the 
tube. Sufficient argon may remain 
around the anode to start the lamp 
and maintain operation, but the first 
foot or so of the bulb will remain a 
dull red indicating the absence of 
short wave ultraviolet. Occasionally 
the available voltage, the bulb tem- 
perature, and the angle at which the 
lamp is burned may combine to 
eliminate this condition but no assur- 
ance can be given. 

The glow switch is not suitable for 
d.c. operation even with a resistance. 
Usually no harm occurs if this is 
tried, but the lamp generally will not 
start. Occasionally the lamp may 
operate but this is unusual and de- 
pends on minor variations of the 
switch which occur within manu- 
facturing tolerances. 

5. Stroboscopic Effect 

It is characteristic of all a.c. light 
sources that there is some variation 
in light output dependent on the 
cyclic variations of the current. With 
incandescent lamps, this is negligible 
since the filament retains enough 


heat to compensate for the variation 
of the current throughout each cycle. 
With fluorescent lamps, the carry- 
over of light is dependent wholly on 
the phosphorescent qualities of the 
coating. ‘This characteristic of the 
phosphors varies considerably. The 
phosphor used in the green lamp has 
the brightest carry-over, while the 
phosphor for the blue has the least. 


The relative stroboscopic effect of 
certain lamps and combinations of 
lamps is given in Table II. The 
standard Westinghouse two-lamp bal- 
lasts reduce the stroboscope’s effect 
to a point where in ordinary applica- 
tions it is negligible. Where still 
further reduction is necessary three- 
phase operation of three adjacent 
lamps may be used. The minimizing 
of stroboscopic effect is an important 
consideration where moving objects 
are viewed or where the eye itself is 
moving rapidly. Stroboscopic effect 
is not to be confused with “whirl” 
or extreme flicker which occasionally 
occurs in a lamp which has not been 
seasoned properly in manufacture; 
Where some emission material is 
temporarily in the arc stream; where 
there is some defect of installation, 
or where the lamp is near the end of 
life. 
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TABLE? II 
COMPARATIVE STROBOSCOPIC EFFECT OF VARIOUS LAMPS 


Lamp and Method of Operation 
200-Watt Incandescent 000. 
40-Watt Incandescent Lamp ............... 
Green Mazda F—Single Lamp. ........ 
White Mazda F—Single Lamp ..... 


Daylight Mazda F—Single Lamp 


CONAWAY 


Blue Mazda F—Single Lamp .......... 
White—2 Lamp Ballast .....000000.......... 
Daylight—2 Lamp Ballast .................... 
Daylight or White—3 lamps, each on a different phase of a 

SeNasereincu ite ee 


Relative 
Stroboscopic 
Effect* 


10. White—3 lamps, one on individual ballast, remaining pair on 


twoAlamp ballastee eee ee: 


SIE oe a hs ns a i el ae bse 14 


11. Daylight—8 lamps, one on individual] ballast, remaining pair 


on two lamp ballast. 22<..0..... 


PES co A Oa RRO RT ate EEN 15 


*Based on ratio of light output during cycle above mean average to total output at mean average. 


6. Brightness 

The larger surface area due to ex- 
tended length and the high diffusion 
of the Mazda F lamp result in low 
brightness even though the total light 
output is high. When lamps are ex- 
posed, the use of the larger diameter 
lamp is always suggested unless the 
lamp is placed in an extremely favor- 
able position. Since angle of viewing, 
background and other factors must be 


tion on brightness can be given. The 
figures in Table III, however, may be 
compared with a standard enclosing 
globe which in the normal field of 
view is considered acceptable if its 
brightness is about 3 candles per 
square inch. 


7. Coolness 

The heat from any light source is 
in direct ratio to its energy consump- 
tion. In terms of heat, one watt- 


considered, no definite recommenda- _ hour is equivalent to 3.4 B.t.u. From 
TABLE III 
BRIGHTNESS OF FLUORESCENT LAMPS 
Candles Per Square Inch 

Lamp Size White Daylight Blue Green Gold Pink Red 
TSeine elaine, 23 se 4.5 3.9 20 7.0 3.6 2.3 4 
Sm Te Kero cae ahs ft 3.0 2.6 eg 4.7 2.4 1.5 m3) 
CAN ie el Uy sini) cos, 3.6 oe 1.9 5.5 262 1.8 oO 
BGais sei) ain) 4.. tes. 6.5 4.7 3.0 8.7 3.5 2.9 5 
AStiniwgs) 145 ines. 3.9 3.3 eee. lactis bic dee Bi 
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Fig. 10—Spectral distribution of various colored fluorescent lamps. 


this, it is apparent that considerably 
higher levels of lighting are possible 
with the more efficient Mazda F lamp 
with an equal degree of comfort. 
Naturally, the heat losses of auxiliary 
equipment must be included with the 
lamp wattage if within the same room 
or enclosure. 


Total heat, however, is not always 
the important consideration. Quite 
frequently the form of the heat is of 
more importance. With a fluorescent 
lamp, only half of the heat is radiated, 
the rest being lost by conduction and 
usually upward. The 
ratio of heat received by a person or 
object in close proximity to a fixture 
may be only one-sixth or less with a 
fluorescent lamp than with an incan- 
descent lamp, producing the same foot- 
candles. 


convection, 


8. Color 
The word “color” is a very general 
term and it is important to appreciate 


its scope when considering fluorescent 
lamps. For example, the radiated en- 
ergy of the green lamp is confined to 
a narrow band and it may truly be 
called a source of green light (See 
Fig. 10). On the other hand, the blue 
lamp covers a much broader range. 
While blue in appearance, it might be 
more critically termed a “pastel blue’”’, 
implying that there are enough other 
radiations to add a synthetic white to 
the blue. This is obviously true for 
the pink lamp; pink is actually “pas- 
tel red’. This distinction of color is 
seldom important except where special 
effects are desired; as when colored 
lamps are being considered for gen- 
eral lighting of interiors. 

The white lamp is not an exact 
match for the incandescent source, nor 
is the daylight lamp an exact repro- 
duction of natural daylight. Yet, un- 
der most conditions, the eye can detect 
little difference from a seeing stand- 
point. Neither lamp is suitable for 
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critical color matching or exacting 
color discrimination. 

The primary differences between 
fluorescent lamps and natural light are 
(1) the lack of a deep red and (2) 
the presence of the spectral lines of 
a normal mercury discharge. The 
former, unobtainable at present from 
phosphors of satisfactory efficiency, is 
sometimes of importance where deep 
reds, such as in raw meats, must be 
viewed. The second difference, notice- 
able by a slight yellow-green distor- 
tion of certain colors, becomes impor- 
tant where certain colors are used for 
interior decoration. Unless previous- 
ly used, a proposed color scheme 
should be examined with the light 
under which it is to be used. In all 
cases where color appearance is im- 
portant, the use of fluorescent lamps 
should be carefully analyzed. 

9. Lamp Life 

The rated average laboratory life 
of the fluorescent lamp is 2,500 hours. 
This is the life obtained when lamps 
are tested on approved auxiliary 
equipment at its rated line voltage and 
frequency. : 

Since very frequent starting will 
affect the life adversely, fluorescent 
lamps are not recommended for ser- 
vices of a type similar to the flash- 
ing of lamps in signs. 

10. Lumen Maintenance 

The light output of a fluorescent 
lamp decreases somewhat during its 
life. The depreciation at 70 percent 
rated life of the average Mazda F 
lamp is about 15 percent. It should 
be noted, however, that during the 
first 100 hours of life, the drop in light 
output is more rapid than during sub- 
sequent burning hours. It is for this 
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reason that the published ‘‘initial’’ 
lamp-lumen and lumen-per-watt values 
apply at the 100-hour point. This con- 
servative basis of lamp rating explains 
the somewhat higher levels of light 
output often experienced with a new 
installation. The snow white appear- 
ance of the standard phosphors is 
gradually blemished by blackening 
which is relatively insignificant from 
an output standpoint. This is em- 
phasized by the non-uniformity of the 
blackening, which tends to collect op- 
posite or near the cathodes. Notice- 
able blackening prior to 750 hours is 
generally caused by improper operat- 
ing conditions (voltage, bulb temper- 
ature, choke characteristics, starter 
defects, etc.). Trouble from such con- 
ditions can be found by investigation 
and must be corrected for best service. 
11. Temperature 

Lumen output values of the Mazda 
F lamp are obtained when measured 
at 80 deg. fahr. ambient temperature. 
This would indicate a bulb wall tem- 
perature slightly higher (100 to 120 
deg. fahr.), within which range lumen 
output is approximately unchanged. 
The light output will decrease about 
1 per cent for each one degree drop 
in bulb temperature below 100 deg. 
fahr. While this is not absolutely 
accurate, it is close enough for field 
estimates. While the arc will usually 
strike at temperatures as low as zero 
degrees Farenheit, early blackening 
and short life may result from low 
temperature operation. 

It must be emphasized that the 
above statements concern the temper- 
ature of the bulb. While all fluores- 
cent lamps are of low wattage and 
relatively cool, there is obviously some 
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generation of heat. Thus, the bulb 
may be considerably warmer than its 
surroundings unless cooled by moving 
air. The protection afforded by a re- 
flector is often sufficient to trap 
enough heat to assure satisfactory 
lamp operation even at freezing tem- 
peratures. Better results will be 
achieved by the use of a cover glass 
for the reflector or some other means 
of directly protecting the bulb. Auxil- 
iary heating may be employed (resis- 
tance coils or incandescent lamps in 
the same enclosure) but this should 
be necessary only when it is impera- 
tive to have maximum light output at 
all times or when extremely low tem- 
peratures are continuous. 


Above 120 deg. fahr. the light out- 
put also drops but not nearly as quick- 
ly as with low temperatures. Up to 
200 deg. fahr., an approximation for 
field use would be a one per cent light 
decrease for a three degree bulb tem- 
perature increase. Temperatures above 
200 deg. fahr. are rarely encountered 
where fluorescent lamps are consider- 
ed applicable. 

The change in light output is due 
largely to the change in character of 
the are discharge which alters the 
relative amount of ultraviolet gener- 
ated and thereby affects the subse- 
quent production of light by fluores- 
cence. 

Because of the changes in arc char- 
acteristics at low temperatures, fluor- 
escent lamps may not operate satis- 
factorily on circuits controlled by glow 
relays. At temperatures below freez- 
ing, the high voltage existing across 
the lamp may cause the switch to 
alternately open and close which pre- 
vents the are from being established. 


12. Radio Interference 

The fluorescent lamp, since it is an 
are discharge, may cause radio inter- 
ference. The exact nature of this in- 
terference is being actively studied 
and it is reasonable to assume that 
some of the effects will be eliminated 
gradually. Well grounded fixtures, 
short leads from lamp to reactance, 
metal mounting for sockets, all aid in 
producing a trouble-free installation. 

Interference does not seem to be 
cumulative. That is, ten lamps would 
cause only slightly more than one 
lamp. By outside antennas or other 
means, increased ratio of signal to 
interference can lessen the effect of 
any disturbance. Under certain con- 
ditions, a condenser from each side 
of the line to round at the receiver 
may be needed although most of the 
better grade radio sets are protected 
in this way. 
13. Noise 

With any reactor or high reactance 
transformer, there are certain to be 
some audible frequencies generated 
by the alternating magnetic force pull- 
ing on the iron laminations. Fluores- 
cent auxiliaries are now designed to 
minimize this inherent “hum”. Fre- 
quently a hum is changed to noise by 
amplification due to the mounting of 
the auxiliary on some resonating sur- 
face. Good installation practice calls 
for (1) stiffening of long troughs; 
(2) sound deadening such surfaces 
where stiffening is difficult; and (3) 
fastening auxiliaries by screws with 
sound insulating sleeves, washers, and 
pads to prevent the transmission of 
hum. 

It is probable that hum will never 
be completely eliminated from some 
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_ types of auxiliaries because of com- 
mercial and economic limitations. 
However, certain well-made auxiliar- 
ies, particularly of the two-lamp type, 
are now available in which hum is 
only audible when the unit is close to 
the ear. Hum is usually not objec- 
tionable in factory spaces or other 
areas where noise always prevails to 
a certain degree. However, in quiet 
rooms, or when the light source oper- 
ates close to the user, the hum may 
become annoying and it may be neces- 
sary to locate auxiliaries at a remote 
point or in sound-proof cases. Hum 
or noise is additive, so that a single 
unit which may not be objectionable 
might be combined with sufficient 


OS 


SFO 


other units to require special atten- 
tion. 
14. Vibration 

While no doubt extreme vibration 
will have a damaging effect on the 
life of Mazda F lamps, they appear 
to be able to withstand more than the 
ordinary conditions encountered in 
lighting service. The arc itself is un- 
affected, and since the electrodes burn 
at relatively low temperatures and are 
mounted in a vibration-resistant man- 
ner, it may be assumed that they can 
be applied satisfactorily in locations 
where vibration is present. Natur- 
ally, the lamps must be installed in 
the sockets in such a way that they 
do not shake out or create external 
arcs due to poor contacts. 
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The Public Utilities Commission, London, Ont.. 


has for sale: 


Several 2300 volt, 3 phase, 25 cycle 


potential regulators in various sizes 
Also 


Several 6.6 ampere, 25 cycle 


constant current regulators in various sizes 


THE PUBLIC UTILITIES COMMISSION 


E. V. BUCHANAN, General Manager. 
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Instruments in Science and 
Industry 


By Robert 


HE help that instruments 

have given to the advance- 

ment of science is a fascinat- 

ing theme, and at the same 
time a wide one. Among the earliest 
and most striking examples we find 
that Kepler was able to state his 
Laws of Planetary Motion as a result 
of the observations made with Tycho 
Brahe’s carefully-constructed instru- 
ments. ‘Tycho (1546-1601) first in- 
troduced, though he did not discover, 
the method of transversal division 
of the are, which is now familiar to 
us as the basis of the diagonal scale. 
It was he who first pointed out the 
importance of symmetry in an in- 
strument. 'The ingenious naked-eye 
sights developed by him were a re- 
markable improvement on the simple 
sights previously used. 

I propose to consider a few well- 
known instruments and to use them 
as examples to indicate how the de- 
velopment of a particular subject 
has grown largely with the perfec- 
tion of the instruments used to inves- 
tigate it. It is in every way a reci- 
procal process. By means of an in- 
strument certain evidence is ob- 
tained; this evidence does not go far 
enough and the instrument must be 
improved to enable further facts to 
be found. As examples of instru- 
ments primarily used to extend the 


From the Presidential address, delivered to 
Section A of the British Association, at Dundee, 
on August 31, 1939. 


S. Whipple 


range of our senses I will take the 
microscope, telescope and _ spectro- 
scope. Their development has a long 
history, and each can be adapted to 
yield accurate measurements by the 
addition of suitable devices. Thus 
we are led to the application of the 
mechanical arts to the division of 
angles and lengths in dividing en- 
gines and the measurement of time 
by various appliances which may be 
considered as supplementary to those 
first mentioned. To exemplify classes 
of instruments, the use of which 
rapidly extended from the laboratory 
to the industrial field, I will review 
those employed in temperature meas- 
urement, including the galvanometer, 
and, as an example of the rapid ap- 
plication of new physical knowledge 
by the instrument maker, the ther- 
mionic valve as applied to measure- 
ment. 


The first example I shall take is 
the microscope, an instrument which 
is used in every observational 
Science and, in some form or an- 
other, in nearly every industry. The 
first instruments consisted of single 
lenses, actually small globules of 
glass, which, when the surfaces were 
Suitably ground, yielded in the hands 
of skilled observers surprisingly 
good results. The outstanding ex- 
ample is the Dutch naturalist Leeu- 
wenhoek, who during the period 1674- 
1723, using a microscope of this type, 
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discovered the protozoa and bacteria, 
-and made many other biological ob- 
servations of supreme importance. 
Hooke, who was Leeuwenhoek’s cor- 
respondent, was working at micro- 
scopical problems at the same time, 
and in the Micrographia (1665) de- 
scribed his own microscope—the first 
compound microscope. The optical 
system of this instrument consisted 
of a converging lens, called the object- 
glass, the field lens, and a third lens, 
the eye lens. Although it has been 
stated frequently that Hooke first in- 
troduced the field lens to enlarge the 
field of view, there is little doubt that 
this invention was due to Monconys, 
who published a short description of 
a compound microscope made to his 
design in 1660. This hardly detracts 
from the credit due to Hooke, whose 
publication became  so_ generally 
known, and whose optical system was 
universally adopted and remained 
practically unchanged for over a 
hundred years. Hevelius, in 1673, 
described in his Machina Coelestis a 
screw-focusing adjustment that he 
had fitted to an instrument of the 
Hooke type which was the forerunner 
of the modern mechanism adopted 
(or invented independently) by John 
Marshall (1663-1725), one of the great 
opticians at the close of the seven- 
teenth century. Marshall should be 
remembered by the fact that he was 
the first to introduce the method of 
grinding a number of lenses simul- 
taneously, by cementing a number of 
pieces of glass on to the surface of a 
large convex spherical block, and work- 
ing them with a concave spherical 
tool. This is still the method em- 
ployed for polishing lenses in quantity. 
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In the modern spectacle-lens factory 
as many as 150 are sometimes polished 
in one block. 

Although many variations in the 
design and mechanical construction 
of the microscope were made during 
the Eighteenth Century and the early 
years of the Nineteenth, yet there is 
no invention of fundamental impor- 
tance to record until the construction 
of the achromatic objective. This was 
first successfully completed by the 
French optician, Chevalier, about 
1825, and in England by Tulley, 
working about the same time, to the 
designs of Joseph J. Lister, nearly 
sixty years after the construction of 
a successful achromatic telescope ob- 
jective. Abbe carried the corrections 
of the aberrations to a far higher 
degree of perfection, notably by using 
glasses of new types, which at his 
suggestion had been worked out by 
Schott, to produce about 1886, the so- 
called apochromatic objective in which 
the colour correction was greatly im- 
proved. It is difficult to see how the 
resolving power of the microscope is 
to be further increased using light 
from the visible region of the spec- 
trum. The biologist, and particularly 
the medical man, is anxious to study 
organisms the structure of which is 
too fine to be resolved by any object 
glass when using ordinary white 
light, the alternative to which is the 
employment of rays of shorter wave- 
length, viz., the ultra-violet. Glass 
lenses are opaque to these short wave- 
lengths, and therefore lenses made 
of fused quartz must be used. 

The use of short-wave radiations 
has proved so successful in the case of 
the ultra-violet microscope that a tech- 
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nique has been developed which offers 
great possibilities for the use of still 
shorter radiations. As is well known, 
a beam of cathode rays can be brought 
to a focus by passing the beam through 
a magnetic or electrostatic field, in a 
manner very similar to that in which 
light is brought to a focus by a con- 
vex lens. In the same way, an elec- 
tron image of a surface may be formed 
owing to the fact that the electrons 
will be scattered by an amount de- 
pending on the density, or mass con- 
centration, of the surface on which 
they impinge. By forming the image 
on a fluorescent screen it can be 
rendered visible, or if projected on 
to a sensitised plate, photographically 
recorded. 

Although the discovery of the 
telescope ante-dated that of the micro- 
scrope, in its service to mankind it 
ranks as second to it. The credit of 
the invention of the telescope must go 
to a Dutchman, Lippershey; yet it was 
Galileo who first produced an instru- 
ment worthy of the name. He ground 
and polished his own lenses, and, in 
1610, with a telescope magnifying 33 
diameters, discovered the satellites of 
Jupiter. Among his many astronomi- 
cal observations he discovered the 
phases of Venus, and estimated the 
height of the lunar mountains from 
the length of their shadows. Newton 
pointed out that the focal length ot 
the refracting telescope could not be 
reduced owing to the refrangibility 
af light of different colours, and that 
it was not possible to focus for all the 
colours simultaneously and thus ob- 
tain a sharp image. He measured and 
calculated the distance between the 
foci of the red and violet and showed 


that it was about one-fiftieth the 
diameter of the lens. It was to over- 
come this difficulty that the glasses 
were made small and of long focal 
length. It is almost unbelievable that 
James Bradley, in 1722, measured the 
diameter of Venus with a telescope 
having a focal length of 212 ft., the 
supporting mast being about 45 ft. 
long. 

In 1663, James Gregory suggested 
the construction of a reflecting tele- 
scope, and in 1668 Newton constructed 
the first practical instrument, having 
made his own alloy for the mirror 
and having devised methods for grind- 
ing and polishing it. The manufac- 
ture of satisfactory reflectors was 
very difficult, and it was not until an 
instrument maker, James Short, of 
Edinburgh, about 1730, produced in- 
struments with parabolic figuring, 
that the reflector came into general 
use. His instruments, even now, may 
be regarded as examples of first-class 
workmanship. Sir William Herschel 
began making specula in 1774 and 
constructed a large number of reflect- 
ing telescopes, the most famous being 
his instrument at Slough of 4-ft. 
aperture and 40-ft. focal length; this 
was completed in 1789. Unfortunately, 
the weight (25 ecwt.) of the large 
speculum rendered it liable to distor- 
tion and it is of interest to note that 
all Herschel’s discoveries were made 
with smaller instruments. More than 
fifty years later a reflector of 6-ft. 
aperture and 54-ft. focal length was 
erected by Lord Rosse at Parsons- 
town. All these instruments were fitted 
with metal mirrors which had an un- 
fortunate tendency to tarnish, and re- 
polishing was apt to spoil the figuring 
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of the mirror. In the modern instru- 
ment the metal mirror is replaced by 
glass which can be re-silvered at in- 
tervals. During the last few years 
aluminium has taken the place of 
silver as the reflecting surface, the 
aluminium being deposited on the 
glass surface under vacuum. The 
aluminum film does not tarnish, is 
more robust than silver, and has a 
higher coefficient of reflection for 
short wavelengths, and is thus more 
efficient photographically. 

Owing to the increasing demand 
for telescopes of higher magnification, 
and of increased light-gathering 
power, the size of the mirrors used 
in the modern instruments is steadily 
increasing. The Mount Wilson Ob- 
servatory has a telescope with a mir- 
ror 100 in. in diameter, and it is a 
matter of common knowledge that 
magnificent photographs of nebulae, 
etc., have been obtained with it. At 
the present time an instrument having 
a mirror 200 in. in diameter is being 
constructed for the Mount Palomar 
Observatory. The manufacture of the 
borosilicate glass (Pyrex) block for 
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this mirror, which weighs 20 tons, has 
been a feat of considerable skill, and 
if it is successfully ground and 
polished, as appears likely, it will be 
a great engineering triumph. It is 
difficult to realize the accuracy of 
grinding and polishing required in 
these large mirrors. 

In 1738, Chester Moor Hall found 
that by combining lenses made from 
glasses having different refractive in- 
dices, he was able to correct for the 
unequal refrangibility of light of dif- 
ferent wavelengths, and succeeded in 
making lenses which produced images 
free from colour. The same dis- 
covery was made independently by 
John Dolland, who, in 1758, produced 
an achromatic telescope in which the 


object glass consisted of a convex lens 


of crown glass combined with a con- 
cave lens of flint glass. The invention 
of the achromatic lens must be con- 
sidered as one of the milestones in 
the development of scientific instru- 
ments—its importance in nearly every 
piece of apparatus employing a lens 
can hardly be exaggerated. 

(To be Continued.) 
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System Loads in August 


HEN comparing the sys- 
tem loads of The Hydro- 
Electric Power Commis- 
sion of Ontario in Aug- 
ust, 1940, with those of August, 1939, 
there is an increase in the total of the 
primary loads taken by all of the sys- 
tems of 14 per cent. During July the 
corresponding increase was 14.7 per 
cent and resulted from a compara- 
tively uniform increase in loads in all — 
of the systems excepting Georgian 
Bay, where the 1940 load was but 
slightly greater than that of 1939. In 
August of this year the increases in 
the different systems over 1939 are 
all slightly less than in July excepting 


Georgian Bay and Eastern Ontario. 
The Niagara system increase of 15.9 
per cent in July dropped to 15 per 
cent in August, the Thunder Bay sys- 
tem increase of 12.9 per cent dropped 
to 9.7 per cent, and that for the 
Northern Ontario Properties from 
15.5 per cent to 15.3 per cent. East- 
ern Ontario system, however, increas- 
ed its load in August by 11.2 per cent, 
the increase for July being 10.5 per 
cent, and in the Georgian Bay system 
the August increase was 2.4 per cent 
compared with zero in July. 

The tabulation of the system loads 
for the month of August is as fol- 
lows: 


1 


System 


Primary Loads 
Niagara 
Eastern Ontario 
CEEOL ZIRT DAY Bie ee coins cee 
Thunder Ba vtec os eee s 


Northern Ontario Properties .......000000......... ui 


Total of All Systems 


Primary and Secondary Loads 

NIAGCHTA 235 eee ee 
Eastern Ontario 
Georgian Bay 
Thinder* Bayesc suet Ee ae 
Northern Ontario Properties 


Totalof All: Systems reo... 4 ee | 


atacand 20-Minute Peak 
H.P. Per cent 
aay a Increase 
August 1940} August 1939 
1,126,408 979.898 | +.15.0 
141,732 127,401 | +112 
39,697 88,757 | + 2.4 
94,169 85,858 + 9.7 
193,962 168,283 +15.3 
a 
1,595,968 1,400,192 | +414.0 
1,390,617 1,265,550 | + 9.9 
142,194 158,956 | —10.5 
40,099 38,757. }) 85 
94,169 124.920\7) seed 
220,101 215,870 | + 2.0 
1,887,180 1,804,053 | x 46 
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Major W. W. Pope 


OR over twenty-six years 
secretary of ‘The Hydro- 
Electric Power Commission 
of Ontario, Major William 
Walter Pope died at ‘his home in 


OCTOBER, 1940 


Streetsville on Friday, October 4th, 
1940, in the 91st year of his age. 
Major Pope was born in Compton, 
County, Quebec, being of United 
Empire Loyalist descent, and it was 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discus- 
sion of “Hydro” matters and to main- 
tain the co-operative spirit between 
municipalities, as well as between 
municipalities and the Commission. 
Articles of interest are invited for 
publication, 


there he received his early education. 
As a young man he worked with the 
old Boston, Clinton and Fitchburg 
Railway for about four years, and 
later engaged in the lumber business 
in Belleville, Ontario. In 1874 he took 
up the study of law at Belleville, and 
in 1876 became assistant to the late 
John Bell, K.C., solicitor of the Grand 
Trunk Railway. Here he remained 
until 1905, when he was transferred 


to Montreal as assistant to W. H. 
Biggar; K:C: 


In October, 1909, Mr. Pope came to 
The Hydro-Electric Power Commis- 
sion of Ontario, as solicitor and sec- 
retary. As solicitor of the Commission 
during its early days, he had much 
to do with legal work arising out of 
relations between the Commission and 
the Hydro municipalities, and also in 
the preparation of legislation needed 
because of the steady growth of the 
Hydro system. He remained secre- 
tary of the Commission until his re- 
tirement in February, 1936. 

After his retirement he was re- 
tained as secretary of the Municipal 
Hydro-Electric Pension and Insur- 
ance Plan until the summer of 1938. 

He was a Fenian Raid veteran, 
having served with the Cookshire 
Cavalry of Quebec. He held the rank 
of Major in the 15th Regiment, Belle- 
ville, Ontario, and from which he 
retired in 1909 with a long service 
decoration. While in Belleville he 
was interested in municipal affairs 
and served for a time as alderman. 


As a member of the Hydro staff, Mr. 
Pope was held in the highest esteem 
by all. He took an active interest in 
matters pertaining to the staff and 
assisted in the working out of many 
of the benefits now enjoyed. When- 
ever possible he attended staff func- 
tions, and at times assisted with the 
programme, even after his retirement. 
At the dinner of the Quarter Century 


Club of the Commission a year ago he 


was present as guest speaker. His 
last public appearance was at the 
Beck Memorial Ceremony at Hamil- 
ton cemetery last August, 
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Engineers In The War 


By Dr. Thomas H. Hogg, Chairman and Chief Engineer, The Hydro- 
Electric Power Commission of Ontario and President, 
The Engineering Institute of Canada 


CAPTAIN DAVIES SAVES ST. PAUL’S 


APTAIN ROBERT DAVIES’ 
gallant action in extricating 
the large high explosive 
time bomb which momentar- 

ily threa'tened disaster to St. Paul’s 
Cathedral, in the heart of the Em- 
pire, was a feat which stirred the 
hearts and imagination of every loyal 
British ‘subject. 

Captain Davies and his suicide 
squad knowingly risked their lives to 
save an historic monument which 
well symbolizes the democratic free- 
dom for which we are fighting. 

It was a job well done. But it was 
not attempted in any ‘haphazard way. 
It needed a courage which few of us 
possess, but more than that it needed 
knowledge. Unexploded, high-explo- 
sive bombs are exceedingly temper- 
amental and only experienced and 
understanding explosive experts are 
allowed to handle them. 

It was an engineering job, and 
Davies, who is a Captain in the 
Royal Engineers and has been sspe- 
cializing in this work for some time, 
undertook the delicate task of ren- 
dering harmless this large time 
bomb. His success was a notable 
achievement and we in Canada are 
proud to know that Captain Davies 
has been awarded the George Cross 


Radio Address broadeast by the Canadian Broad- 
easting Corporation and sponsored by the ae 
1940. 


neering Institute of Canada, October 16, 
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-—the first to receive this signal 
honour at the hands of His Majesty, 
The King. 


GENERAL MCNAUGHTON—DISTIN- 
GUISHED ENGINEER 

In Canada, following the outbreak 
of war, the government recalled 
Major General A. G. L. McNaughton, 
now Lieutenant-General, from his 
peace-time work as President of the 
National Research Council to com- 
mand the First Division, Canadian 
Active Service Force. 

General McNaughton is an officer 
of outstanding military qualifica- 
tions, but he is also a distinguished 
engineer. He was responsible for the 
development of an aeronautics lab- 
oratory at Ottawa long before war 
broke out, and this laboratory has 
been of great service in our war- 
time effort. 

Where can we find greater self- 
sacrifice, greater devotion to public 
welfare, than in the several branches 
of our Canadian Active ‘Service 
Forces? In all of ‘these the engineer 
plays an important part and General 
McNaughton himself is perhaps the 
perfect embodiment of this profes- 
sional engineer’s spirit. Under him 
are hundreds of others trying to 
emulate his example, using their 
native talents, their engineering edu- 
cation, and their engineering experi- 
ence to further and protect our civil- 
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ization in a world menaced by hordes 
who would destroy everything we 
hold dear. 

MILITARY AND CIVIL ENGINEERS 

In considering the relationship of 
the engineer to the war, it is interest- 
ing to recall that prior to the 18th 
century the mechanical and construc- 
tional arts were almost entirely the 
vocation of the military engineer. 
It was only in the latter part of the 
18th century, little more than 150 
years ago, that there arose a body of 
men who confined to beneficial pur- 
poses their skill in these arts, and 
became known as civil engineers in 
contrast to military engineers. 

Today, in a very much widened 
sphere embracing the main branches 
of civil, mechanical, electrical, min- 
ing and chemical engineering, and 
their many subdivisions, the majority 
of engineers are concerned with civil 
projects of a constructive character. 
The difference ‘in the aims of the two 
broad groups of engineers, civil and 
military, is well expressed in the 
definition of his profession early 
adopted by the civil engineer, which 
was—‘The ‘art of directing the great 
sources of power in nature for the 
use and convenience of man.” 

In peace-time the military engineer 
is concerned with many projects of 
a constructive character relating to 
defence measures, but in war-time 
even his constructive efforts relating 
to bridge and highway building, the 
maintenance of transport and com- 
munications, ete., are all related to a 
destructive end—namely the destruc- 
tion of the power of the enemy. 
Nevertheless much of his training is 
fundamentally similar to that of 


the professionally civil engineer. 

It is not surprising, 'therefore, that 
under conditions of modern warfare, 
mechanized to the limit and exploit- 
ing all the scientific and engineering 
achievements of the past fruitful 


decades of progress and research, the 


civil engineer, with his ‘specialized 


training, is called upon ‘to take a 
prominent part in the change in the 
country’s economy from a _ peace- 
time to a war-time basis. 

We find, therefore, that many 
leaders in our war-time activities are 
men who have been prominent as 


civil engineers in peace-times. 


ON THE HOME FRONT 
On the home front an engineer 
very prominent in the public eye at 
the present time is the Honourable 
C. D. Howe, Minister of Munitions 
and Supply, who is directing Can- 


ada’s industrial army. He was form- 
erly a well known civil engineer, and 


today has the important task of or- 
ganizing industry to produce the 
maximum quantity of munitions and 
supplies in the minimum time. 
Associated with Mr. Howe, both 
directly and indirectly, are a great 
many Canadian engineers, specialists 
in various branches of engineering, 
all applying their specialized knowl- 
edge, which may be technical or ad- 
ministrative, for the quick solution 
of urgent problems. These engineers, 
co-operating with engineers engaged 
in industry, are endeavouring to mo- 


bilize efficiently and in the shortest 


possible time the great resources of 
this Dominion and direct a continu- 
ous stream of munitions and supplies 
through unimpeded channels to their 
ultimate destina'tion. 
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TRANSPORTATION 

We know that war today is a com- 
plex economic struggle, but some of 
the old military dictums. still hold 
good; and one is: to win battles it is 
necessary to have men and materials 
in the ‘right place at the right time. 
This entails a complex engineering 
problem—transportation. Men must 
be carried in mechanized units by 
land, air and sea; artillery must be 
strategically located; munitions of 
all types must be continuously dis- 
tributed; and food, gasoline and sup- 
plies of a varied nature must be 
transported. 

The problem and strategy involved 
in depositing high explosives upon 
military objectives in ‘tthe enemy’s 
territory is also a major transporta- 
tion problem, whether this is accom- 
plished by jaerial bombers, ships’ 
guns, land guns, or by infantry. And 
being a transportation problem it re- 
quires the best engineering skill 
available 'to ensure its success. 

Perhaps nothing so typifies the 
spirit of the British people as the 
Navy. ‘The fighting ships of today 
are themselves concentrated marvels 
of engineering skill, requiring for 
their operation and maintenance en- 
gineering ability of a high order. So 
too with the Air Force. The un- 
doubted superiority of the planes of 
the Royal Air Force is attributable 
both to the professional ability of 
the designing engineer and the long 
tradition of fine craftsmanship in the 
engineering factories of Britain. 

As you know, airplane production 
in Canada is fast developing into an 
important contribution to our war 
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of you that a woman graduate of 
Toronto University is a prominent 
engineer in this newest transporta- 
tion industry. Later in ‘this series 
there will be a talk on “Aircraft En- 
gineering” by Miss Elizabeth M. 
MacGill who is chief aeronautical 
engineer to the Canada Car and 
Foundry Company of Fort William. 
MACHINES OR MEN 

Unquestionably success in ‘this war 
will largely depend upon the whole- 
hearted co-operation of industry, es- 
pecially the engineering industry. 
Machines are playing a vastly more 
important part than ever before. It 
is mechanized forces that fight this 
war. The tank and the aeroplane, 
modern ‘transport of all sorts, new 
and more costly weapons, these are 
the realities of today. 

Everywhere there are new and ex- 
panding needs for mechanization. I 


think I am right in saying that a 


battalion of 1,000 men, in the last 
war, was equipped with only two 
machine guns. In this war a bat- 


talion of 700 men will carry fifty. It 


is the hope of every one of us, I am 
sure, that machines may this time 
take some of the punishment which 
in the last war was borne by flesh 
and blood. 

Canada and Canadian engineers 
have a very definite part in all this. 
Canada is not represented only by an 
Expeditionary force. Behind the 
army in the field there must be mobil- 
ized a vastly greater army of tech- 
nicians and workers; and Canada’s 
greatest contribution will only be 
achieved after she has organized her- 
self into a vast machine shop, a vast — 
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storehouse on which our Empire may 
call, to meet any need that may 
arise. Surely it must not be again, 
as unfortunately it was in the last 
war, that men were called upon to die 
because industry at home was in- 
adequate to serve their needs. 

During the first World War our 
own Canadian divisions were largely 
armed, supplied and trained overseas. 
Today we are planning to equip them 
in every detail of their needs. We 
are also the training ground for the 
vast air effort of the Empire. Men 
from every quarter are converging 
here to learn that art of aerial war. 
Much more than was the case in the 
last war, we are being industrially 
mobilized in this war. 

THE ENGINEERS’ CONTRIBUTION 

Fortunately due to our great in- 
dustrial development since 1914, it is 
a far stronger Canada that stands 
today by the side of Britain— 
stronger in both men and materials, 
experience and stamina. Thousands 
of Canadian engineers, who have 
contributed so much to the peace- 
time economic development of this 
great Dominion, are now concentrat- 
ing all their skill and experience 
upon war-time activities. 

Great individual contributions are 
being made by engineers in almost 
every branch of engineering, but I 
would like to pay particular tribute 
to those engineers who voluntarily 
are giving their time and talents in 
a hundred different ways to strength- 
en Canada’s war efforts. These engi- 
neering services range from those 
given by the unpaid specialists at 
Ottawa to those given by veteran 
engineer officers of the last war who 


are spending their nights to train 
young sappers and engineer officers 
of the Non-Permanent Army. 

The Engineering Institute of Can- 
ada, which is a Dominion-wide or- 
ganization, in co-operation with other 
professional engineering associa- 
tions, is trying to find ways and 
means of doing voluntary work. As 
far back as 1938, the Canadian engi- 
neering organizations, at the request 
of The Department of National De- 
fence, made a notable contribution by 
gathering together the academic and 
professional records of approximate- 
ly 10,000 Canadian engineers and 
technically trained men. This vol- 
untary census, completely indexed 
and filed, is now of considerable help 
in locating technical men of the type 
that are so often urgently required 
for war work. 

ihe Engineering Institute of Can- 
ada, with ‘headquarters in Montreal, 
is not only continuing its peace-time 
function of disseminating technical 
knowledge and of consolidating the 
engineering profession throughout 
the Dominion, but with its wide 
knowledge of the profession is able 
to find- the right type of engineer 
when asked by the various govern- 
ment departments and those firms 


carrying out special war contracts. 


Provdlems involving the entire tech- 
nical staff of new industrial units 
have been brought to the Institute’s 
headquarters, and Canadian engi- 
neers with highly specialized experi- 
ence have been found to fill positions 
of unusual responsibility. 

This talk, I fear, has been some- 
what of a eulogy of the engineer— 
so, if there are Canadian engineers 
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listening to me, I would ask them to 
remember their grave responsibility 
in this hour of need. 

We cannot all remove time bombs 
or command armies, but in this war 
the civilian, and especially the men 
and women with engineering or tech- 
nical training and experience, can 
contribute to the common effort as 
never before. The engineers and 
technicians who form so substantial 
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and important a part of the Canadian 
active service forces can be relied 
upon to do their part. Upon the 
civilian engineers, who largely direct 
and control the vast industrial effort 
that may well be Canada’s chief con- 
tribution to the Empire’s struggle, iis 
laid a still greater burden—greater 
because its acceptance is an indi- 
vidual responsibility, Let none of us 
fail in this. 
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Distribution for Modern Needs 


By V. A. McKillop, Chief Engineer, The Public Utilities 
Commission, London, Ont. 


HE privilege of talking to a 
Toronto audience about the 
distribution of electricity is 
appreciated. Several insti- 
tutions and many individuals in To- 
ronto have played important parts in 
the building of the electrical industry. 
The University, The Hydro-Electric 
Power Commission, the Toronto 
Hydro-Electric System, the manufac- 
turers, have together produced for 
Ontario a wonderful asset. The 
people in other parts of the province 
have learned to look to Toronto for 
leadership in all phases of the elec- 
trical development. It is hoped that 
some mutual benefit may come from 
a presentation of the problems of a 
smaller municipality. 
There was a temptation to talk 
about distribution systems in general, 
but it soon became apparent that the 
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only course was to “Preach what you 
practise’. The ideas set forth, there- 
fore, will represent the practice in 
London or, in some cases, a goal for 
the future. 

The distribution of electricity is 
similar in some respects to other re- 
tail businesses. The commodity must 
be moved from the wholesale house 
to the consumer in the most direct 
line without undue waste. There 
must be reasonable assurance regard- 
ing quantity and quality, or in elec- 
trical terms—continuity of supply and 
good voltage. The consumer learns 
to expect little inconvenience although 
the cost of his service has. become less 
and less throughout the years. Lavish 
expenditure on equipment to prevent 
interruptions under almost every con- 
ceivable condition or to provide a per- 
fectly even voltage might raise the 
price of electricity beyond the amount 
that the consumer is willing to pay. 
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Cost must be weighed against results. 
This policy was also expressed by an 
engineering executive of the Consoli- 
dated Edison Company of New York 
in the Electrical World recently in 
an article “Can Twenty-Four Karat 
Service Always Be Justified’. 


The public utility has a responsi- 
bility unknown to the private mer- 
chant because the dissatisfied custom- 
er in the former case cannot buy else- 
where. The public have a right to 
expect that in return for the monopoly 
granted, no effort will be spared to 
protect them against poor service. In 
determining the kind of service to be 
rendered, the utility will find that 
most people realize that storms and 
age still take their toll and are will- 
ing to make reasonable allowances. 
In endeavoring to provide the best 
service possible within the limits of 
available equipment and permissible 
cost, an effort should be made to con- 
stantly improve. The dependence 
placed on the electric service by all 
classes of consumers should be a per- 
petual incentive to better service. The 
motors of the manufacturer and lights 
of the merchant and the cooking and 
refrigeration and heating appliances 
in the home are a responsibility not 
to be ignored. 

The circuits entering the munici- 
pality at 13,200 or 26,400 volts are of 
major importance and trouble may 
have far reaching effects. These lines 
may represent a “bottle neck’”’ because 
they are few in number and may be 
grouped on one or two pole lines. The 
transformer station from which the 
lines have come may be another 
“bottle neck”. ‘Such conditions are 
dangerous to good service and should 


be eliminated wherever it is economic- 
ally possible. These lines are fre- 
quently subjected to damage from 
storms for various reasons. They are 
at the top of the pole where trees, 
wind, rain, sleet and lightning find 
their best opportunity for interfer- 
ence. The poles are in open country 
or on the outskirts of the municipality 
where there is little or no protection 
from buildings. Maintenance of these 
lines is difficult and trouble is fre- 
quently traced to this fact. Whatever 
may be the reasons, the results are 
widespread when such a circuit 
“goes out”. The substitution of un- 
derground cable for these high volt- 
age, overhead lines produced a marked 
improvement in operating records. 
The expense of underground construc- 
tion is the main obstacle to such a 
change. Results will usually be found 
to be entirely satisfactory and reduc- 
tion in maintenance expense will go 
far to balance the additional cost. 
When a municipality has decided to 
adopt underground construction for 
these higher voltage lines, there are 
then several alternative methods from 
which to choose. 


The original choice in London was 
3 conductor, No. 0000, p.i.l.c. armour- 
ed cable for 13,200 volts from the 
Hydro-Electric Power Commission 
transformer station to Cabell Street. 
The error of this form of construc- 
tion on a direct route from the source 
to a main point of distribution was 
recognized later, and additional cables 
were installed in ducts. Four ducts 
were laid on the north side of Ham- 
ilton Rd. with manholes up to 500 foot 
spacing. A similar group of ducts 
was installed some years later on the 
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south side of the same street, with 
manhole spacings reduced to about 
350 feet. Some time later the tem- 
perature of the cables then in service 
was questioned, and a survey was 
undertaken. This survey was made 
the subject of a lengthy and valuable 
report by N. L. Morgan of the North- 
ern Electric Company, Limited. The 
object of the survey, as stated in that 
report was to obtain data from which 
could be determined 

1. The conductor temperature at 
one point throughout the day. 

2. Distribution of conductor tem- 
perature and location of the hottest 
section of the line. 

3. Maximum permissible load cur- 
rent. 

4. Thermal resistivity of the soil. 


The recommendations included a 
lower load rating, ventilation or some 
other correction for one hot spot, and 
a preference for grass rather than 
asphalt covering on future ducts. 

The original armoured cable and 
the next three in the first duct bank 
went to one point, Cabell Street, and 
all were No. 0000. The first two 
cables in the second duct bank went 
beyond Cabell St. to other stations 
further west. Three hundred thou- 
sand cir. mils was the choice for 
these, after some consideration, and 
they were sufficient for four years. 
Then relief was provided by another 
No. 0000 cable in earth on a direct 
line from the H.E.P.C. to the east end 
industrial area. One year ago a 
500,000 cir. mils cable was pulled 
into the Hamilton Rd. ducts from the 
H.E.P.C. to Cabell St. 

The size of the last cable was the 
subject of a report by O. W. Titus of 
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Canada Wire and Cable Co., in which 
much valuable information was pro- 
vided. Past experience with growing 
loads and the few remaining spare 
ducts made the choice of size of par- 
ticular importance. Three sizes of 
cable were compared on the basis of 
capital cost of cables and ducts, plus 
copper losses for some years in ad- 
vance. Existing interest and power 
rates were assumed, as well as a con- 
tinuation of load trends. The result 
was definitely in favour of a size 
larger than 300,000 cir. mils and 
750,000 cir. mils showed a slight ad- 
vantage over 500,000 cir. mils. In 
view of the assumptions which had 
been made and because of possible 
difficulty in installing the larger cable 
in existing duct sizes the 500,000 was 
selected. 


At other times, on various parts of 
the system, there has been required 
a 13 kv. cable likely to be more or less 
isolated for many years. The streets 
involved were residential on a direct 
line between two substations, and 
under these circumstances no ducts 
were employed. Lead suffers no dam- 
age from the soil in London, and be- 
cause the ability of the armour to 
protect the cable from a pick was 
doubted, plain lead cable has been 
used. Old bricks have been laid as a 
protecting cover on new cables. The 
additional capacity of one cable in 


earth as compared to the same cable 


in a duct bank, and the saving on in- 
stallation costs is worthy of careful 
consideration where conditions permit. 
Cable in ducts lends itself more readi- 
ly to repairs, location of faults and 
protection from damage than any 
underground alternative, and ducts 
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Diagram of 13.2 kv. system in London. 
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should not be omitted without a full 
understanding of this fact and a wil- 
lingness to accept the consequences. 

Sectionalizing of these cables may 
be very useful in emergencies. Oil 
switches for installation in manholes 
are available for this purpose. The 
need for such equipment is particu- 
larly obvious where a tap is made to 
serve a more or less isolated load. 
This switch is also useful on a loop 


system because it permits restoration 
of service to some consumers while 
repairs are being made elsewhere. 
These high voltage circuits, whatever 
their form or route, arrive at a sub- 
station for transformation of all or 
part of the energy which they carry. 

The term “substation” suggests a 
collection of transformers, circuit 
breakers, regulators and a variety of 


smaller apparatus operating in con- 
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Diagram of 13.2 kv. lines to network system in London. 


junction with a bus and switchboard. 
No doubt some substations deserve 
the criticism ‘too many eggs in one 
basket” and in some cases a substa- 
tion represents one transformation 
too many. Elaborate and_ costly 
switching arrangements raise a ques- 
tion as to whether results as good or 
better could have been obtained from 
some alternative method. Is the sub- 
station and the equipment in the sub- 
station justified either on the grounds 
of better service, better voltage or 
economy? The growing use of the 
network, both primary and secondary, 
indicates a swing away from the old 
kind of substation, and while these 
network units will need to be backed 
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up by some kind of a central point, 
its functions may be confined mostly 
to switching. Whatever its form or 
purpose, whether for transformation 
or switching or both, and whether 
new or rebuilt, modern metal clad 
breakers provide the streamlined ef- 
fect which the old concrete bus and 
breaker structure lacked. The instal- 
lation of today is compact and safe 
and offers a variety of switching 
arrangements, such as the transfer 
bus, if these are required. Where 
changed conditions have made neces- 
sary the replacement of old breakers 
with new or higher interrupting 
capacity, the metal clad have been par- 
ticularly convenient because of space 
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In some cases instru- 
ments and relays have been mounted 
on the breakers and when reclosing 
mechanisms have been added, as for 
example on 4000-volt circuits in an 
unattended station, the result is a 
very compact and useful arrangement. 


limitations. 


The use of underground cables may 
also be justified on primary lines for 
some little distance from the substa- 
tion. This will eliminate congested 
poles with their usual hazards for men 
and service, and instead these circuits 
separate into their respective districts 
before going overhead. Thus the 
higher voltage lines, each of which 
serves many consumers and therefore 
ereates a wide disturbance when 
trouble occurs, usually show consid- 
erable improvement when under- 
ground construction replaces over- 
head. 


Underground lines are, of course, 
desirable and may even be essential 
in the main business districts of cities. 
These circuits include all voltages, and 
most, if not all, overhead lines are 
eliminated with improved service, 
safety and appearance as the result. 
While smaller cities may postpone this 
move, increasing loads will ultimately 
demand it and failure to provide for 
it in plans for the future may be 
costly. 

Among the many items which may 
affect continuity of supply, probably 
none are more important than ade- 
quate maintenance. Regular inspec- 
tion of both underground and over- 
head plant will reveal many things 
which are a reminder of the old ad- 
monition regarding a stitch in time. 
It may be a tree limb or a row of 
trees which are threatening a prim- 


ary, or a collapsed joint in an under- 
ground cable; all of these are worth 
prompt attention. It is not necessary 
here to detail the possible hazards as- 
sociated with transformers, circuit 
breakers and wire, but merely to 
stress the importance of care. 


But trouble will arise sometimes, 
and then an alternative path or source 
is of tremendous help. In fact an 
arrangement of line disconnects, 
whereby a temporary feed may be ob- 
tained from another direction, may 
often facilitate maintenance and mini- 
mize planned interruptions. Of course 
the primary network is designed to 
provide these advantages but until the 
expenditures required by such a sys- 
tem are justified by the size and type 
of load, a very satisfactory and less 
costly alternative is possible. The 
transformer may be placed at the load 
centre, but without much of the 
auxiliary apparatus including circuit 
breakers, regulator and relays until 
such time as it may become desirable 
to tie these feeders with others in the 
district. In the interval, disconnect- 
ing switches provide the means of nor- 
mal separate operation and section- 
alizing and rerouting during emer- 
gencies. 

Transformers placed in this way, 
of which the 13,200/4000 volt, 3 phase, 
1500 kv-a. is a common type, may be 
located with regard to the needs of 
the present and without too much 
concern for the future. For, if con- 
ditions change and the load does not 
develop as expected, it is quite prac- 
tical to move the transformer or unit 
substation to a more suitable spot. 
Probably it is fair to say that not 
much is known of long term planning 
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in any but the larger cities and even 
there some errors are almost inevit- 
able. Therefore, any arrangement 
which permits an inexpensive change 
in the system to better serve changed 
load conditions will be a distinct ad- 
vantage. 


As progress gradually continues in 
effecting a change from the radial 
primary to the network, so will there 
be improvement in regulation and 
losses. There will be less danger of 
a large scale interruption, and costly 
commitments in substation buildings 
and equipment that might soon be ob- 
solete, are avoided. 


These advantages are, to some ex- 
tent, duplicated in the low voltage net- 
work which is applicable in areas of 
high load density. Such a system has 
operated in London for about ten 
years with complete satisfaction. 
Prior to that time the main business 
section was served by two 4000 volt 
feeders from one substation. They 
were, for the most part, in cable, laid 
in ducts through the main streets to 
transformers in vaults, or on poles or 
on the ground in protected corners at 
the rear of buildings. From there 
large secondary cables, also in ducts, 
went to the consumers. So any one 
of a number of possible accidents 
might happen which might require a 
considerable amount of time to find 
and a longer time to repair. The 
effect of such an occurrence on the 
merchants was not pleasant to con- 
template and it was decided that some- 
thing should be done. The low voltage 
network was adopted and in addition 
to promising almost 100 per cent free- 
dom from interruption, some ultimate 
economies in the reduction of losses 
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and better regulation were realized. 
Savings in transformers, by reason 
of one transformation instead of two, 
may ‘be largely absorbed by the pro- 
tector which is an automatic low volt- 
age switch. Network metering cost 
is considerably higher and of course, 
underground vaults, manholes, ducts 
and cables are costly though they are 
likely to be a part of any system in 
a heavy load district. The cost of the 
low voltage network as compared with 
any alternative system, will vary with 
local conditions but generally a load 
density of upwards of 20,000 kv-a. 
per square mile is considered sufficient 
to warrant the investment on the basis 
of results obtained. 


The load density in London is over 
30,000 kv-a. per square mile in an area 
of approximately 14 by % mile. Four- 
teen transformers are in use, of 300 
kv-a. each, except three of 500 kv-a. 
each. All are three phase units, 
13,200/120-208 volts and usually with 
the protector mounted on the trans- 
former tank. Insofar as is practical 
they are located at street intersections 
in sidewalk vaults; others are in sub- 
stations, or on consumers’ premises 
and one is on the ground surface in 
a suitable building on the market. 
They are fed from five 13 kv. feeders, 
three of which come from two sub- 
stations, and two are taps from the 
original loop and main feeder system. 
The transformers are so connected on 
these five circuits that any one may 
be removed from operation without 
affecting the service to any consumer. 
Secondaries are mostly single con- 
ductor, 250,000 cir. mils lead covered 
cable, originally paper insulated and 
latterly asbestos. While some 500,000 
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cir. mils cable has been used, the 
smaller size burns clear more readily 
in the event of a breakdown in the in- 
sulation, and this is a feature of the 
n2tworks designed to maintain service 
regardless of equipment failures. To 
date there have been no failures either 
in cables, transformers or protectors 
and the results have been entirely 
satisfactory. 

While continuous service is of first 
importance in the consideration of any 
changes in the distribution system, 
yet other desirable results such as im- 
proved voltage and economies in oper- 
ation are often associated with a re- 
duction in interruptions. Such is the 
case with the networks, where dis- 
tribution at a higher voltage and 
elimination of one transformation and 
banked transformers contribute to the 
aforementioned improvements. There 
is also the change which may only be 
desirable for good voltage and eco- 
nomy, without any promise of less in- 
terruptions. As an example there is 
the increase in primary voltage from 
2300 to 4000 which produces beneficial 
results to voltage and economy with- 
out causing more interruptions. An- 
other example of. such a condition is 
the supply for the medium power load, 
usually at 550 volts. It has been com- 
mon practice to group a number of 
customers on a, 550 volt line which 
may grow to some considerable length 
and a substantial voltage drop. As 
an alternative, it appears quite feas- 
ible and economical to adopt a stand- 
ard, 3 phase transformer, small, com- 
pact, of about 500 kv-a. size with cable 
in and out, which permits 13,000 volts 
to be carried to the premises of many 
power 


consumers. Transformer and 


cable failures are rare, and if such 
should occur, a reasonable interrup- 
tion will permit a spare unit to be 
substituted. This plan was adopted 
in London after the 1937 flood which 
entered No. 1 substation. Several in- 
dustries in the vicinity had been 
served at 550 volts from that point, 
and after the flood an alternative 
method was looked for to prevent a 
similar interruption again. These 
factories were on higher ground than 
the substation and their loads and 
locations were such that it was pos- 
sible to standardize on a 500 kv-a. 
unit. Since that time several more 
of the same size and type have been 
put in service in other parts of the 
city. 

A number of municipalities have 
recently installed equipment for the 
control of water heaters. This has 
proven to be a sound investment, not 
only because of a saving in the cost 
of power but more particularly be- 
cause the lower peak load requires 
less investment in transformers and 
wire, etc. And it may be further 
claimed as an advantage for this con- 
trol that as the load factor improves 
voltage becomes better. The control 
may even be given credit for avoiding 
some interruptions which would other- 
wise be caused by the “blowing” of 
transformer fuses. Many improve- 
ments made originally in the name of 
one objective, may later appear as a 
credit in three columns—interrup- 
tions, voltage and economy. 


Joint lines with the Bell Telephone 
Co. or other utility may be adopted 
for one or more of the above reasons, 
and, of course, improved appearance 
of the street is usually a result. It 
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has proven a most useful arrange- 
ment in recent years, particuarly at 
a time when the original Hydro poles 
were due and perhaps overdue, for re- 
placement. As either party made 
plans for replacements or changes on 
any street, the other party was noti- 
fied, with the result that it was usually 
possible to do the work jointly and 
eliminate one pole line. Rebuilding 
and maintenance expense has been 
reduceil for both parties and the pub- 
lic has welcomed the elimination of 
one pole line on each street. 


Street lighting cannot be said to 
have kept pace with the needs of in- 
creased traffic except possibly on a 
few main streets. This has probably 
been the case in every municipality, 
although students of accident preven- 
tion claim that such a policy is not 
in the interests of economy. There 
will be plenty of room for improve- 
ment in this phase of utility opera- 
tions for years to come. Jn the mean- 
time, some attention is being given 
to the economies and improved service 
to be effected in a change from series 
to multiple lighting. The higher volt- 
age system has long been a source of 
trouble and danger to linemen in bad 
weather and in recent years radio in- 
terference has been often traced to it. 
While granting the advantage of a 
constant current system with a longer 
life lamp, yet the less costly lamp op- 
erating on transformers’ erected 
primarily for domestic use and whose 
load factor the street lamp improves, 
is winning support. The control of 
multiple lamps is no longer a problem, 
when relays are lightly loaded. <A 
small load per relay avoids pitted con- 
tacts and voltage drop is negligible. 
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Quality service may require voltage 
regulators although they are often 
omitted either because little improve- 
ment is possible or because the local 
authorities are not convinced that the 
results would warrant the expense. 
The H.E.P.C. operates a large conden- 
ser in the London station and the 
voltage as supplied to the city is very 
good. It was possible some years ago 
to abandon all induction regulators, 
although some operating difficulties 
with single phase, 25 cycle regulators 
on 4000 volt circuits contributed to 
this decision. The improvement in 
voltage resulting from the control of 
water heaters, which was mentioned 
before, was measured on one consum- 
er’s premises at about 2 volts. How- 
ever, the voltage regulator is and will 
continue to be a most useful piece of 
apparatus, particularly since it ap- 
pears that people are demanding bet- 
ter voltage as they purchase more ap- 
pliances for the home. It has occurred 
to us that their criticism may often 
be inspired by lamp, radio or gas 
salesmen who are endeavouring to es- 
cape from their own responsibilities. 
This may remind you of the “pot 
calling the kettle black,” but without 
wishing you to say “methinks he pro- 
testeth too much’, I wish to repeat 
that London voltage is good without 
regulators. 


Distribution transformers and sec- 
ondaries offer a good field for the im- 
provement of losses and regulation. 
Unsatisfactory conditions can prob- 
ably be substantially improved by at- 
tention to this part of the system and 
it may be that many municipalities in 
Ontario are suffering from _ trans- 
former sizes and spacings, and wire 
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sizes which are not best adapted to 
the load density. The following 
figures illustrate this; they were pre- 
pared in London a few years ago 
based on conditions existing there at 
that time and for an average load 
density of 10 amperes per 100 ft. 


Transformer Remnlscon 
and Copper Size 
40 kv-a.— 90 M. cir. mils 6.2% 
40 “ —180 rs a oe 
20 “ — 90 Ny 1.5 


ment and duplex houses raise the load 
density considerably. Transformers 
have not been banked to any extent 
except where load densities are high. 
Possible improvements in service from 
this arrangements have not been suf- 
ficient to warrant the precautions 


Energy Annual Cost 
Loss per kvy-a. 
4.7% $2.78 
2.4 2.34 
1.8 1.98 


The cost includes interest and depre- 
ciation and energy loss. The range 
considered was from a typical light 
load area of 7 amperes per 100 ft. to 
a typical first class residential area of 
13 amperes per 100 ft. In the former 
ease 60,000 cir. mils and a 15 kv-a. 
transformer was found most suitable 
and in the latter 90,000 cir. mils and 
a 25 kv-a. transformer. The result 
was that the usual transformer size 
purchased was changed from 371% to 
25 kv-a. with an occasional smaller 
size. Existing wire sizes were gen- 
erally satisfactory. 

The investment in the secondary 
distribution system is a large percent- 
age of the total and there is need 
for sound, economical design to pro- 
duce the best results for both the con- 
sumer and the utility. Likewise, 
losses in the secondaries may be a 
large part of the total and substantial 
improvements may be possible. Vari- 
ations in load density from street to 
street or from district to district re- 
quire somewhat different transformer 
and wire sizes. This is more pro- 
nounced in the large city where apart- 


necessary in the event of a trans- 
former failure. Some transformers 
were banked in London in the early 
Hydro days, but so much difficulty 
was experienced in restoring service 
after trouble had occurred that the 
scheme was abandoned. The arrange- 
ment is recognized, however, as very 
useful where loads are heavy and with 
proper fusing. 

Services have received some atten- 
tion in recent years but satisfactory 
results have not yet been achieved. 
The original open wire service is 
again being used, although cable was 
adopted for some time. The wire to 
the house and into the house, the loca- 
tion of the meter, and the policy with 
respect to ownership as between the 
consumer and the utility are ques- 
tions linked together. It is the point 
in the system where the utility meets 
the consumer and the private contrac- 
tor, and satisfactory results are not. 
always obtained. 

Meters have reached a high state of 
perfection, and when a high bill com- 
plaint is received the meter could be 
correctly exonerated in almost every 
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case. Over a wide load range and in 
widely varying temperature, the mod- 
ern meter continues to register cor- 
rectly. John Smith can be assured that 
the total consumption is being. fairly 
divided between him and his neigh- 
bors and all consumers. So confident 
of their product have the manufactur- 
ers become, that they are now bring- 
ing it out of the dark cellar and put- 
ting itinthe daylight. The advantages 
claimed for the outdoor meter are the 
saving of meter readers’ time, and 
theft prevention. Many utilities feel 
that their water meter inside requires 
the reader to go in and therefore 
eliminates the saving, and, secondly, 
theft is only present in rare cases un- 
der existing conditions. 


Se 


7 


From the point where delivery is 
accepted from the H.E.P.C. to the con- 
sumer’s meter, many improvements in 
apparatus and methods have been 
made. This has permitted service to 
become better and better, keeping 
pace with the demands of new ap- 
plianees. Interruptions are now rare 
and of short duration; voltage is gen- 
erally good; economy has been the 
watchword. In conclusion, there 
should be a word of caution. The 
satisfactory condition of a utility to- 
day will not be so tomorrow unless a 
constant effort is put forth to improve. 
Maintenance must be continued, obso- 
lete equipment must be replaced, and 
new equipment adopted as the need 
is indicated. 


PO 


System Loads in September 


HE system loads 

Hydro-Electric Power Com- 

mission of Ontario record an 

increase in primary loads in 
September, 1940, of 12.3 per cent over 
those of September, 1939. This in- 
crease which is a little less than that 
of August, 14 per cent, was due 
chiefly to further load growth in the 
Niagara system, Eastern Ontario sys- 
tem and Northern Ontario Properties. 
In the Niagara system there is a 
slight falling off, the increase being 
13.4 per cent compared with 16 per 
cent in August. The same falling off 
is shown in the Eastern Ontario sys- 
tem, the August increase being 11.2 
per cent, while that of September was 
9.9 per cent. Northern Ontario Prop- 


OCTOBER, 1940 


of <The 


erties’ load increase was greater in 
September than in August, last month 
being 17.6 per cent, while the previ- 


ous month was 15.3 per cent. 


Georgian Bay system while show- 
ing a small increase, 2 per cent, com- 
pared with zero in July and 2:4 per 
cent in August, reflects the saving 
that can be made in bulk power sup- 
ply by the adoption of daylight saving 
time in parts of the area served. In 
1940, twelve municipalities adopted 
daylight saving time. This advanced 
the time of the municipal peaks in 
those towns one hour, with the result 
that although there is a substantial 
growth in the individual municipal 
loads, the diversity caused by chang- 
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ing the times of the peak loads in 
those twelve municipalities has been 
sufficient to permit serving the whole 
system with but small increase in sys- 
tem load. In one month the system 
was saved over 5,000 horse-power. 


In the Thunder Bay system a de- 
crease of 2.4 per cent is shown in Sep- 
tember, while in August there was an 
increase of 9.7 per cent. This changed 
condition is due to grain elevator load 
at Fort William and Port Arthur. A 


year ago there was a heavy grain 
movement in September on account of 
the war having just started. This 
year the grain is being held in the 
elevators with the result that there is 
a considerable reduction in the amount 
of power required for the handling 
of the grain which is reflected in the 
system load. 

The tabulation of the system loads 
for the month of September is as fol- 
lows: 


Maximum 20-Minute Peak H.P. 


System September September Percent 
1940 1939 Increase 

Primary Loads 
INGA a eae le ee ree eee er 1,249,597 110 VATA A 
astern Ontarios. = =e 155,174 141,201 “S279 ¢ 
Géeorvian Bay2-- 37,269 36,536 o"G 
Thunday “Baye se fave ee... : 96,515 98,934 Pee). 
Northern Ontario Properties...... 194,244 165,124 +17.6 
Total of All Systems........... 1,732,799 1,543,269 +123 

Primary and 

Secondary Loads 
Wiagard. eo svn cnt £412,039 1,317,828 -Li7.o 
RaStern*Ontarionsed nae, 155,496 173.520 ryt) 
Gegretan gaye 6 ee ee 37,269 36,536 EN 
TNUDGay eBay eaten fe 96,515 131,917 — Gis 
Northern Ontario Properties... | 226,549 213,382 + 6.2 
Total of All Systems... 1,928,161 1,873,183 + 2.9 

‘Wee 


VOL. XXVII, No. 10 


THE BULLETIN 


311 


AAEM «THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO IVVATUTEOTUATORTEAOT UAT EATEATEATOTTNTTTTACUTTO TATA TTT 


Spire-l ype, Single-Circuit 
Steel Towers 
Supporting 110,000 -Volt Transmission Line 


By A. E. Davison, Transmission Engineer, H.E.P.C. of Ontario 


TEEL tower designers have, for 
a number of years, tried to 
provide adequate radial clear- 
ances for swaying electrical 
conductors. Some of the more im- 
portant clearances are those between 
conductors in horizontal layers, those 
between conductors in vertical lay- 
ers, and the offsetting of conductors 
in one layer so that they will not be 
in a vertical plane with conductors 
above or below. Typical vertical 
separations during the past 30 years 
have ranged from 7 feet to 13 feet. 
Operating experience along the 
Atlanitic seaboard, along the Niagara 
river and elsewhere has indicated 
that much greater separation is need- 
ed df Short -circuits-.and. arcs to 
ground are to be avoided while ice- 
laden conductors and ground cables 
are moving about in the span asyn- 
chronously as a result of the action 
of moderate winds upon them. Since 
the movements of these conductors 
usually have greater vertical than 
horizontal dimensions, then, always 
excepting the use of lower mechan- 
ical tensions and shorter spans, in- 
creasing the vertical clearances 
would seem to be the safest, although 
not necessarily the most economical, 
way of assuring service security. 
Increased separation between a 
layer of power phases and the over- 
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Spire-type, 110 kv., single circuit 
structure complete with elevated 
ground cable. 


built sky or ground cable improves 
service security in two ways, ViZ., 
by improving the protection against 
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“1940” experimental installation, 
standard and transpositional towers 
without ground cable. 


lightning, and by reducing to a min- 
imum, electrical faults caused by 
galloping. C. F. Wagner and his as- 
sociates at the Swampscott (Mass.) 
meeting of the A.I.E.E., June, 1940, 
have recorded probably the latest in- 
formation on the effectiveness of the 
height of ground cables above power 
cables in protecting the latter from 
flashovers due to lightning. 


A new transmission structure, 
the design of which was decided upon 
in July, 1939, has been operating at 
110 kv. for some time in western 
Ontario. The receiver terminal is at 
Windsor on the Detroit river. The 
location of the proposed “6 in. 


Double-circuit, 110 kv. lines operat- 
ing St. Thomas to Windsor, 1915 to 


1940. Interruptions from all causes 

of about two per year. Reasons for 

some of these wnterruptions are 
evident. 


ground cable is directly over the 
middle of three power conductors 
which are horizontally spaced some 
15 feet apart. The vertical separation 
is 25 feet, being just about twice that 
used in most designs during the past 
thirty years. 

The accompanying illustrations in- 
dicate the appearance of the struc- 
ture in the field. They also indicate 
that new torsional types of vibration 
absorbers are installed, in some cases 
two and in other cases four per span. 
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Spire-type construction (side view) 
with torsional absorbers 
installed. 


A~diagram is submitted illustrating 
some of the clearances. Standard 
spans are of the order of 1,000 feet, 
using 447,000 Milsss Va:C:S-7: 
“Hawk” conductor. 

In the region in which the lines 
discussed herein are situated, isocer- 
aunic data issued by the Weather 
Bureau indicate that about forty 


clr. 
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Conductors: 3-877000em ACSR 
Ground Cable: |- %6' Galvé Stee! 
Normal Span: {000 ft 

Max Tangent Span: 1350 ff 

Max. Angle in Line: 3° 

Voltage « 10,000, 


30-0" 


Loads: 

I Vertical; 1200 at point @ and 2200¢ 
at each of three points @E® 

I Horizontal Transverse 1500° af point 
and 2000" at each of three points @ 18 

TL Horizontal - Longitudinal, 4000* at © 

WV 


M2 
s 

or 3750 ‘at one point @ or 7500% a! @ 
Oead Load 

Combine [2] with Jor], 

or use twice I alone 

Load [contains ciiowance 

aint for wind ontowecrand 3° 

ae angie in line 
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oF ONTARIO 


BH) OKV. 1939 TYPE SC. SUSP'N TOWER 
ST THOMAS: WINDSOR SECH 


Clearance and loading diagram of a 
single circuit suspension 
tower. 


lightning storms per annum may be 
expected. The transmission line lies, 
if anything, along rather than across 
most storm paths. More orthodox 
types of transmission lines (see illus- 
trations) have operated quite suc- 
cessfully in this area for periods of 
from 26 to 30 years without either 
special grounding of steel towers— 
typically 20 ohms, with some areas 
averaging 40 ohms per tower—or 
counterpoise facilities. Outages of 
these older lines due to lightning are 
of the order of 0.8 per 100 circuit 
miles per annum. Interruptions from 
all causes to the electric services 
supplied through these older lines 
averaged less than two per year and 
less than 10 minutes per year during 
10-year periods. These interruptions 
resulted from outages within a large 
transmission and generation system 


of which the 200 circuit miles re- 
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ferred to are only one important part. 
In order to study the economics and 
service securities of ground cables 
and of high-speed automatic circuit 
breakers controlling transmission 
lines in flat clay country, a ground 
cable has not been used on the new 


BO 


line for the time being. Experience 
with the new circuit during one 
lightning season would indicate that 
ground cables are desirable additions 
to lines of this type, even after they 
have been equipped with high-speed 
circuit breakers. 


BE ZS 


The Hydro tent at the Plowing Match. 


The International Plowing 


Match 


HE International Plowing 
Match and Farm Machinery 
Demonstration of the Ontario 
Plowmen’s Association was 
held this year October 15th to 18th 


inclusive on the Ontario Hospital 
Farm at St. Thomas and adjacent 
farms including the Bannockburn 


Farms of Premier Hepburn. 
The lay-out of the tented area and 
plowing contests was ideal in that all 


plowing contests and demonstrations 
were within easy walking distance of 
headquarters, with the result that 
there was an excellent attendance at 
all the competitions. 

This was the most successful match 
in the history of the Association, 
there being a very substantial in- 
crease in the number of exhibitors as 
compared with previous years and the 
attendance for the four days was esti- 
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Part of the Hydro display showing household equipment. 


Lighting was by 


means of “PAR 38’, 150 watt lamps in groups of four 
erected on the three tent poles 


mated at from 170,000 to 195,000. 
The entries in the plowing contests 
totalled 904, this being an increase of 
223 over the previous record. 

The concession area covered 12.5 
acres of land and provided 4500 feet 
of frontage for exhibits. The electri- 
cal distribution system required 2500 
feet of three-wire, secondary bus serv- 
ing 70 exhibitors with a load of 80.5 
kw. The water system required the 
installation of approximately 3000 
feet of piping, the supply being ob- 


tained from two sand points installed 
adjacent to the grounds by the local 
committee. An average of 5,000 gal- 
lons per day was pumped from the 
well. 

One of the interesting features of 
the match was provided by the Royal 
Canadian Air Force, who had on dis- 
play the Battle I. single engined mon- 
oplane bomber, which had seen service 
in France in the early days of the 
present war. 

On Friday afternoon the Royal 


The dairy display included refrigerators, milk coolers and pasteurizers, 
milking machines and cream separators. 
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Display showing soil heating, poultry farming and water pumping equipment. 
The set-up in the foreground is a hand pump and an electric pump, 
rated 320 gallons per hour, where visitors were given the 
opportunity of endeavouring to fill a five gallon con- 
tainer by hand in competition with the 
electric pump. 


Canadian Air Force from the Techni- taken by the Honourabe M. F. Hep- 
cal Training School at St. Thomas’ burn, Premier of Ontario. 

paraded approximately 3000 strong The Hydro-Electric Power Commis- 
through the grounds, the salute being  sion’s trophy, consisting of % horse- 


A part of the crowd as seen from the entrance to the Hydro tent. 
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Eaplanitory display of essentials to 
give rural electric service from the 
distribution line to the consumer’s 
wiring. At the right rear is a bicycle 
arranged with an electric generator, 
meters and lamp load where visitors 
could test their power to produce 
electricity. 


power motor as first prize in Class 7, 
was won by Russell Morrison of 
Beaverton. 

The Hydro-Electric Power Commis- 
sion’s exhibit was housed in a large 
tent and the following representative 
pieces of merchandise for the home 
were exhibited: 

A deluxe model electric range, a low 
priced electric range and a rangetie 
requiring no special wiring, a humidi- 
fier, refrigerator, Hydro flat rate 
water heater, washing machine, iron- 


ing machine, radio, a combination 


fast freezer and domestic refrigerator 


operated from the one unit, and a 
complete assortment of miscellaneous 
small appliances. 

In the barn section were a grain 
grinder, electric milk pasteurizer and 
cooling equipment, electric milking 
machine, electric separator and elec- 
tric milk cooler, electric pail, soil heat- 
ing cable display, an assortment of 
electric motors, poultry lighting, elec- 
tric poultry brooder, shallow-well 
pump and a deep well pump. 

There was also a most interesting 
exhibit consisting of a hand pump 
and an electric pump of approximately 
the same pumping capacity. These 
were mounted together on a display 
stand and the visitors to the tent were 
asked to equal the work of the electric 
pump by filling in competition with it 
a 5-gallon container. Many tried but 
very few succeeded. 


There was also supplied a stationary 
mounted bicycle, the rear wheel of 
which was in contact with a pulley on 
a generator. When the bicycle was 
pedalled the power was transmitted 
and shown visually on metering equip- 
ment and on lighted bulbs. The 
visitors were requested to mouni the 
bicycle and pedal same to generate the 
necessary current to light a 100 watt 
bulb for 60 seconds. The best record 
was performed by one young lad who 
pedalled for 30 seconds and was ex- 
hausted. Both this display and the 
pump convincingly proved to many of 
the contestants and on-lookers the 
value of electric power in doing much 
of our manual work. 
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220-Kv. Power Supply from 
Quebec Border to Burlington 


N order that the balance of the 
power contracted for from the 
province of Quebec may be 
transmitted to the highly indus- 

trialized sections of this province, it 
is necessary that additional transmis- 
sion line and transformation facil- 
ities be provided to utilize to the 
fullest extent this additional reserve 
of electrical energy. 

At the present time, the 25-cycle 
power purchased from Quebec, to- 
gether with the capacity of the Chats 
Falls plant owned by this Commis- 
sion, is transmitted by means of three 
single-circuit, 220,000-volt lines to 
Leaside, where a station has been 
established for a number of years, 
stepping down to 110,000 volts for 
the purpose of serving the existing 
110,000-volt transmission line system 
of the Commission, together with 
supplying 13,200-volt power to the 
city of Toronto and vicinity. 

After a careful study of this prob- 
lem, it has been decided that the 
proper location to feed into the Com- 
mission’s 110,000-volt network would 
be in the vicinity of Burlington, this 
point being an important load centre, 
as well as the section of the province 
where most of the present 110,000- 
volt lines radiating from Niagara 
Falls to western Ontario and To- 
ronto, may be readily intercepted. 

The present program calls for con- 
struction of a line from the Quebec 
border to Burlington, having a length 
of approximately 282 miles, 46 miles 


of which will be double circuit, the 
double circuit being the section be- 
tween Leaside and Burlington. The 
proposed line will have a capacity of 
200,000 horsepower and in its con- 
struction, will require approximately 
11,300 tons of steel and 3,600 tons of 
conductor. The towers will have a 
spacing of approximately 1,150 feet, 
and will use aluminum conductor 
from the Quebec border to Leaside, 
with hollow copper conductor from 
Leaside to Burlington, copper being 
used in this section due to the pres- 
ent curtailment on the use of alu- 
minum. Construction was started on 
this line in May, 1940, 65 miles of 
towers being completed on Septem- 
ber 9, 1940, and it is expected that 
the completion will be about June 1, 
194]: 

It is interesting to note that in con- 
struction of this line, some 700 men 
are now employed. 

At Burlington, provision is being 
made to install two banks of three 
25,000 kv-a. transformers. This will 
give a total capacity of 150,000 kv-a. 
or approximately 200,000 horsepower. 
Transformation will be made from 
220,000 volts to 110,000 volts, with no 
provision for either 13,200 or 26,400 
volts on these transformers. 

The rapidly expanding municipal 
and munition loads in the Niagara 
peninsula and western Ontario, make 
it necessary that this station be 
placed in service at the earliest 
possible date. 
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Instruments in Science and 
Industry 


By Robert S. Whipple 


(Continued from September) 

Perhaps there is no instrument 
which in recent times has aided pure 
science so much, and which is now 
beginning to help industry, as the 
spectroscope. Fraunhofer constructed 
the first spectroscope in 1817, and 
made the first measurements of the 
lines of the solar spectrum. He was 
also the first to observe the spectrum 
of the electric spark. In 1842, Bec- 
querel and Draper’ independently 
photographed the solar spectrum on 
Daguerreotype plates, thus laying the 
foundation for the modern science of 
spectroscopy. In 1859, Kirchhoff 
showed that the luminous vapour of a 
metal has the property of absorbing 
the same kind of light as it emits at 
the same temperature. Kirchhoff 
recognised the fundamental impor- 
tance of his discovery, entitling it 
“Spectrum Analysis”; but it is largely 
due to Hartley (1882) and later to 
Twyman, who designed simple and 
efficient instruments, that  spectro- 
scopic analysis has become a quanti- 
tative method of chemical analysis. 
The spectrograph is now one of the 
most important tools in the metal- 
lurgical and chemical laboratory. 

Our knowledge of the constitution 
of the celestial bodies is almost en- 
tirely due to the spectroscope. By its 
means it has been possible to discover 
what elements are present in the 
vapour surrounding them. The major 
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part of the knowledge obtained about 
the double stars and also the deter- 
mination of the velocity of stars in the 
line of sight has been obtained from 
spectroscopic observations. The 
theory of the expanding universe 
may be said to rest on spectroscopic 
observations. In theoretical physics 
the value of spectroscopic work can- 
not be exaggerated; it is, I under- 
stand, true to say that modern theories 
of atomic structure depend largely on 
evidence supplied by the spectroscope. 
Unfortunately, there is no time to 
dwell on the comparatively new devel- 
opment of the X-ray spectroscope and 
the importance of this instrument in 
chemical analysis and in the under- 
standing of the structure and be- 
haviour of alloys. 

The distinction between the tele- 
scope suitably mounted to survey the 
heavens and that used to measure 
distances upon the earth’s surface is 
a faint one. The transit instrument 
is, in general, only a larger form of 
theodolite. The early surveyors (and 
here we may go back to early Egyptian 
times) made plans by means of rods 
and plummets; but it was not until 
the invention of the astrolabe and the 
use of a divided circle fitted with 
sights that accurate surveying was 
attempted. The first mention of the 
word “theodolite’ occurs in a book 
Pantometria (1571) by an English- 
man, Thomas Digges. (It is a matter 
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of interest that Digges has some claim 
to be called “‘the inventor of the tele- 
scope.”’) The early theodolites, like 
the astronomical instruments, were 
fitted with pin-hole sights; in the case 
of the latter instruments an important 
controversy arose between Hooke and 
Hevelius (1679) concerning the rela- 
tive advantages of telescopic and open 
sights. Although Hevelius was not 
convinced, the telescopic sight was 
almost invariably used after that date. 
Mention should be made that William 
Gascoigne invented the filar micro- 
meter and fitted it to a telescope in 
1640: this invention greatly increased 
the accuracy of instruments to which 
it was attached. Bradley’s observa- 
tion in 1722 shows that he used a form 
of filar micrometer with considerable 
success. 


As the demands of the astronomer, 
and later of the surveyer, increased, 
so tthe need for improved divided 
circles has always been one of the 
more difficult tasks of the instrument 
maker, and it is almost entirely due 
to the English manufacturer that the 
art of dividing has reached its present 
high position. For many years there 
was no alternative but patiently to 
bisect, or trisect, with a beam com- 
pass, the spaces set out on the scale 
or circle, and to continue this opera- 
tion until the scale was subdivided to 
the desired number of divisions. The 
master points controlling the dividing 
can even now be seen on some of the 
old instruments. The names of George 
Graham (1673-1751) and John Bird 
(1709-1776) may be mentioned as 
masters of the art; it is stated that 
Bird was able to obtain an accuracy 
of 5 minutes of arc on his 8-ft. quad- 


rant by continued bisection of the are. 

Henry Hindley, of York, about 
1739, completed a small machine for 
cutting the teeth in clock wheels and 
for dividing instruments. In 1766, 
Jesse Ramsden made his first circular 
dividing engine, but as it was not 
sufficiently accurate for dividing the 
scales of nautical instruments, he 
completed a second machine in 1775. 
In 1826, William Simms invented the 
self-acting mechanism by means of 
which the dividing machine became 
completely automatic, thus saving an 
immense amount of time, and reduc- 
ing the risk of error in the dividing 
of a qeircle. Linear scales are auto- 
matically divided by somewhat similar 
machines in which are fitted a temper- 
ature-compensation device for varia- 
tion in the temperature of the 
machine and a compensation de- 
vice for correcting for any varia- 
tions in the pitch of the master 
screw. In this connection, the scienti- 
fic man and the instrument maker are 
alike indebted to the late Dr. C. Guil- 
laume for the invention of Invar, a 
nickel-steel alloy having a remarkably 
small temperature coefficient of ex- 
pansion, and hence an almost ideal 
material from which to manufacture 
standard scales and measuring tapes. 

An interesting development in 
surveying instruments has taken place 
during the last few years. Heinrich 
Wild, a Swiss engineer, designed, 
about 1921, a theodolite in which, by 
means of an ingenious optical sys- 
tem, it is possible to read the positions 
of the vertical and azimuth circles 
simultaneously in the eyepiece of a 
microscope mounted on the same axis 
as the telescope. 
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Before leaving surveying instru- 
ments mention must be made of the 
new developments in aerial surveying 
in which the contours, etc., are ob- 
tained from photographs taken from 
aircraft at different standpoints. Al- 
though surveying by photography had 
been used before the Great War for 
the mapping of districts difficult to 
survey by ordinary methods, yet it 
was not then generally employed. Im- 
provements in photography from the 
air, especially in the development of 
wide-angle _ flat-field photographic 
lenses having negligible distortion up 
to an included angle of 90 deg., have 
made it economically possible to survey 
fresh country, and even to check over 
surveys that have been previously 
made by the usual methods. 

The earliest of all instruments were, 
however, those devoted to the mea- 
surement of time, and depended on the 
position of the sun; in the majority of 
cases on the position of a shadow cast 
by it. Later the time was also told by 
observing the position of the earth 
relative to the stars. Throughout the 
Middle Ages, and later during the 
Fifteenth to Seventeenth Centuries, 
great ingenuity was shown in the 
design and construction of sundials 
and nocturnals. The large literature 
on the subject shows how important 
the measurement of time was, even 
then, to the community. For the 
purpose of our discussion, we need 
not dwell further upon these instru- 
ments nor upon the clocks used. previ- 
ously to the invention of the pendu- 
lum. Although Galileo had noticed in 
1581 that the time of swing of a 
pendulum was almost independent of 
the amplitude of its swing, yet it is 
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doubtful whether he succeeded in mak- 
ing a working clock. In 1657, Huy- 
ghens patented his pendulum clock, 
and described it fully in 1673 in his 
Harologium Oscillatorium. The clock 
was driven by a falling weight and 
kept the pendulum in motion by im- 
pulses transmitted through a verge 
escapement. Shortly after this date 
Hooke invented the anchor escape- 
ment, which, in its form modified by 
Graham, became the escapement used 
in the majority of pendlum clocks, 
and remains so to the present day. 
The effect of temperature upon a 
pendulum clock is serious, in that the 
length of the pendulum varies with 
temperature and hence the duration 
of the period of swing. Graham, in 
1721, introduced a pendulum bob con- 
taining mercury; thus, by adjusting 
the quantity of mercury its expansion 
could be made to counteract that of 
the steel pendulum rod. Five years 
later Harrison invented the composite, 
or “grid-iron”’, form of pendulum 
made of brass and steel rods to which 
the weight was attached. Nearly all 
the temperature-compensation difficul- 
‘ties disappeared with the invention of 
Invar. 

The accurate control of the length 
of the wireless waves radiated by the 
broadcasting station has been a diffi- 
cult problem, and has resulted in the 
production of an extremely accurate 
timekeeper. That certain asymmetric 
crystals when subjected to electrical 
stresses change their dimensions was 
discovered by the brothers J. and P. 
Curie in 1880. They also showed 
that ‘such orystals develop surface 
charges under the influence of mechan- 
ical pressure. Later it was shown 
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that when stressed by a rapidly al- 
ternating current the crystal is made 
to vibrate, and if the frequency agrees 
with the natural frequency of the 
crystal the amplitude of oscillation is 
relatively large. Primarly owing to 
the work of two men, W. G. Cady in 
America and the late D. W. Dye in this 
country (Great Britain), quartz- 
erystal controlled oscillators have been 
developed which maintain themselves 
in oscillation at a definite frequency 
and with an accuracy of approximately 
one part in one hundred millions. 

From the point of view of industry, 
the thermometer is one of the most 
important of all scientific tools, for 
that is its ultimate position. The first 
instrument for measuring tempera- 
tures was an air-thermometer, and 
was invented by Galileo about 1592. 
His friend Sanctorius actually used a 
form of thermoscope to show varia- 
tions in the heat of the human body— 
the first clinical thermometer. The 
Grand Duke Ferdinand II of Tuscany 
is said to have invented, about 1650, 
the first alcohol thermometer in which 
the tube was hermetically sealed. It 
is not known to whom the invention of 
the mercury-in-glass thermometer is 
due, although it was in existence in 
1693. Lord Kelvin propounded the 
thermodynamic scale of temperature 
as the final standard of reference, and 
it ds to this scale (the absolute scale 
of temperature) that all temperatures 
are now referred. 


Electrical methods of measuring 
temperature have made great strides 
during the past few years. A great 
deal of this progress was due to the 
work of H. L. Callendar, who was 
President of Section A when the 


British Association last met in Dundee 
in 1912. He showed that the resist- 
ance thermometer suggested by Sir 
William Siemens in 1871 could be 
made an instrument of high precision, 
and at the same time developed simple 
bridge methods for measuring the re- 
sistance of the thermometer. Above 
all, he invented the Callendar Record- 
er, the pioneer of the majority of 
recording bridges and potentiometers 
in use to-day. 

The discovery of thermo-electricity 
by Seebeck in 1822 led eventually to 
the production of the simplest electri- 
cal thermometer and one of the most 
practical in industry. The platinum- 
platinum 10 per cent. rhodium couple 
was introduced by Le Chatelier in 
1886, and owing to its reliability and 
to the fact that its electrical constants 
can be reproduced in various meltings 
of the alloy, has become the most 
generally used in accurate high- 
temperature work. 

A variety of potentiometers, de- 
flection galvanometers and recorders 
have been developed to meet the de- 
mands of industrial thermometry. The 
application of high temperatures in 
industry, especially in metallurgical 
work, has increased the demand for 
instruments capable of measuring 
temperature without being placed in 
the hot zone. The first satisfactory 
attempt at such a pyrometer was made 
in 1892 by Le Chatelier. In this in- 
strument, which was a form of photo- 
meter, the intensity of the light re- 
ceived from the hot body was adjusted 
by means of an iris diaphragm (later 
by means of absorbing-glass wedges) 
to match that given by a standard 
lamp. A few years later Holborn and 
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Kurlbaum introduced the disappear- 
ing-filament form of instrument 
which, in one form or another, is 
now the most generally used type of 
optical pyrometer. In this the filament 
of a small incandescent lamp is inter- 
posed between the eye of the ob- 
server and the hot body. The current 
through the lamp is adjusted so that 
the filament becomes invisible against 
the incandescent hot body. The Fery 
pyrometer (1902) consists of a therm- 
ocouple of small mass mounted in the 
focus of a concave mirror, which 
focuses the total radiation received 
from the hot body on to the couple. 
This instrument can be used to 
measure temperatures throughout a 
large range. It has also the advantage 
that it can be readily attached to a 
recording galvanometer and can thus 
be made to follow the stages in the 
heat treatment of materials 
furnace or kiln. 

The last instrument that I shall 
deal with is the galvanometer, and that 
can only be taken as representing the 
great group of electrical instruments 
that has come into existence during 
the past century. The name itself was 
given to a form of electrometer by 
Bischoff in 1802, and commemorates 
the discovery by Galvani of the move- 
ments of the muscle of a dead frog 
by electricity. Oersted, in 1820, dis- 
covered that an electric current would 
deflect a compass needle, and thus 
laid the foundation for the many types 
of moving-iron or magnet galva- 
nometers. In 1858, W. Thomson 
(Lord Kelvin) invented the mirror 
galvanometer for use with the At- 
lantic submarine cable; this instru- 
ment made submarine signalling pos- 
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sible. In 1881, the Deprez-d’Arsonval 
moving-coil galvanometer was invent- 
ed, and, although it had been antici- 
pated by other inventors, the credit 
is due to these two distinguished 
Frenchmen for the most practical 
form of galvanometer—the one used 
in practically every direct-current : 
measurement. The moving-coil gal- 
vanometer has been studied theoreti- 
eally and practically by Ayrton and 
Mather, Zarnicke and Moll, and the 
result of their work is an instrument 
of extremely high sensitivity and 
short period. Paschen, Nichols and 
Downing, and Hill have done much 
to increase the sensitivity of the 
moving-magnet galvanometer. In this 
connection acknowledgment must be 
made of the great debt the physicist 
and the instrument maker owe to that 
doyen of instrument designers, Sir C. 
Vernon Boys. The high sensitivity of 
certain types of galvanometer is very 
largely due to his invention of the 
quartz fibre—the ideal material for 
suspending light bodies. 

A form of galvanometer which has 
proved of great service in industry in 
confirming much theoretical work in 
connection with alternating currents 
is the electro-magnetic oscillograph, 
a igalvanometer possessing an ex- 
tremely short periodic time and fairly 
high current sensitivity. The moving- 
strip type, in which the element is re- 
duced to the simplest form, consists of 
a loop of a fine metallic strip stretched 
in a magnetic field, the air-gap being 
reduced to a minimum. This instru- 
ment was invented by Blondel in 1898, 
but its development was largely due 
to Duddell, who, six years later, show- 
ed in a series of striking experiments 


324 


THE-BULEETIN 


HU THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO illiil|iIIIIIIIIIiNIIIIIIINIIIIINUIMIIM 


the possibilities of the instrument. 
Since then its capabilities have been 
much improved, the latest models 
having a natural frequency in air of 
1/17,000th second, and a sensitivity of 


42 mm. at one metre for 0.1 ampere 


direct-current, or with a frequency 
of 1/3,000th second a_ sensitivity 
of 580 mm. at one metre for the same 
current—a sensitivity ten times that 
possible five years ago. Many of the 
phenomena to be studied take place 
in such short intervals of time 
(0.000001 second to 0.00000001 sec- 
ond) that it is impossible for any 
form of mechanical instrument to 
respond. This has brought into 
general use the cathode-ray oscillo- 
graph. The cathode-ray beam is de- 
flected by the current or voltage 
under investigation, the movements 
being recorded either by the direct 
action of the beam on a photographic 
plate, or by photographing the lumi- 
nous trace on a fluorescent screen. 
For the observation of phenomena 
occurring in extremely short inter- 
vals of time the former method is 
adopted, the writing speed of the 
spot being approximately one-third 
the velocity of light. 

An address of this nature would be 
incomplete if no mention were made 


of the thermionic valve. Its advent 
has led not only to the birth of a 
wide range of new instruments other- 
wise impracticable, but also to the 
simplification of many measuring 
techniques. The thermionic volt- 
meter was one of the first, if not 
the first, measuring instrument em- 
ploying a valve directly and using 
to the full its most valuable charac- 
teristics as a measuring device. 
These characteristics may be briefly 
summed up as rectification, amplifi- 
cation rapidity of response, and high 
impedance. Although these are the 
prime considerations, others, such as 
high overload capacity are advanta- 
geous. 

The demand 
ever growing. As new problems arise, 
both in science and industry, the 
requirements become more stringent. 
The instrument maker constantly re- 
ceives incentives to progress from 
the scientific worker to whom he 
owes not only suggestions but many 
of his new materials. It is, I sup- 
pose, a truism that if knowledge is 
to progress it is essential that theory 
and practice advance together. No- 
where is this more true than in the 
development of scientific instru- 
ments.—Engineering. 
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‘Toronto-Fairbank Transformer 
Station 


By S. A. Perrot, Electrical Engineering Department, 
H.E.P:G. of. Ontario 


N September the 8th, 1940, 

an important addition was 

made to the several trans- 

former stations feeding To- 
ronto and its vicinity, when the 
Toronto-Fairbank transformer station 
was placed in service. The station is 
now supplying power to the new Glen- 
eairn distributing station, Forest Hill 
municipal station and stations on 
north Yonge street, formerly sup- 
plied from Leaside transformer sta- 
tion. The six new unit type distrib- 
uting stations now being constructed 
in York township and the Weston mu- 
nicipal stations will be added later on 
in the year. 

The load growth in the areas of 
Peel and York counties, particularly 
north and west of the city of Toronto, 
reached such a point in 19389, that the 
existing transmission facilities were 
found inadequate to give satisfactory 
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service to the municipalities and cus- 
tomers in this area. Studies were 
made of the situation, which revealed 
the fact that the distribution of power 
at 13,200 volts was no longer feasible. 
This, together with the semi-urban 
loads adjacent to the city of Toronto, 
made it advisable to establish a new 
110 kv. transformer station north and 
west of Toronto which would distri- 
bute power at 26,400 volts. The con- 
struction of the Fairbank station has 
taken these facts into consideration, 
and the general policy in future is 
that all stations adjacent to the city 
of Toronto will distribute 26,400 volt 
power to the areas in question. 
Taking cognizance of the present 
conditions as well as of the future 
prospects, a station with an ultimate 
capacity of 100,000 kv-a. was requir- 
ed. The choice of the Fairbank site 
on Roselawn avenue near the Belt 
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Fig. 2.—26.4 kv. 


Line railway and near the centre of 
gravity of load, also offered reason- 
able approaches for the loop connec- 
tion to the 110 kv. line between Wilt- 
shire and Strachan avenue _ trans- 
former stations. 

Figs. 1 and 2 show a single-line dia- 
gram of the station, with the present 
and future parts shown in full and 
dotted respectively. The final instal- 
lation will consist of a 110 kv. ring- 
bus supplying the power through 
four 25,000 kv-a., 3 phase, 110 Y/28.4- 
14.2 delta kv., 25 cycle, oil insulat- 
ed, forced air cooled transformers to 
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two 26 kv. bus and switch structures, 
each having provision for six out- 
going 26 kv. feeders. Fifty per cent 
of the station capacity was installed 
initially, and includes one 26 kv. 
structure and the two 25,000 kv-a. 
power transformers feeding this 
structure. In order to bring in the 


two 110 kv. lines, it was necessary to 


complete the high-voltage section of 
the layout with the exception of some 
minor switch structures. The ring 
bus, of course, will not become com- 
plete until all the high-voltage oil 
circuit breakers and _ disconnecting 
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General view of station, control building at the left. 


switches are installed. Each of the 
power transformers can be isolated 
from the ring by opening an elec- 
trically controlled, gang-operated set 
of air-break switches. Increased op- 
erating flexibility is obtained by the 
introduction of two high-voltage bus- 
ties. All the disconnecting switches 
in the ring are of the 3 stack double- 
break type. With the exception of 
the transformer switches, all discon- 
nects on the 110 kv. installation are 
manually controlled, gang-operated. 
The 110 kv. bus is made up partly of 
350,000 cir. mils stranded copper and 
partly of 14% inch i.p.s. copper tubing. 
The 26 kv. transformer buses are 114 
inch i.p.s. copper tubing. 

The 110 kv. oil circuit breakers are 
rated at 800 amperes, 138 kv. with an 
interrupting capacity of 1,500,000 
kv-a. 

Three single conductor 1,250,000 
cir. mils, p.i.l.c. cables, connect each 
transformer through underground 
duct to the 26 kv. switch structure. 
This structure is equipped with two 
26 kv. buses, from each of which 


three outgoing feeders are normally 
supplied. To facilitate maintenance 
and repair work on any part of the 
26 kv. equipment without interrupt- 
ing the service, any outgoing feeder 
can be temporarily switched over to 
the other bus by closing a double- 
break, gang-operated, manually con- 
trolled disconnecting switch, thus 
feeding two outgoing lines through 
one oil circuit breaker and permitting 
the other to be taken out of service. 
Likewise, the station service trans- 
former and the grounding trans- 
former can be fed from either one of 
the two buses. As a further means 
of flexibility the equipment in the 
station service bay is designed to 
serve as a bus tie for the two buses 
in the structure. In the future, two 
bus-tie oil circuit breakers will per- 
mit cross-tying between the two struc- 
tures. 

Excepting the grounding trans- 
former breakers, all the 26 kv. oil cir- 
cuit breakers are interchangeable, all 
being rated at 34.5 kv., 800 amperes 
with 750,000 kv-a. interrupting capa- 
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One of the 25,000 kv-a., 3 phase, 110/26 kv. transformers. 


city. The 26 kv. buses at the struc- 
ture are 2 inch i.p.s. tubing, with 1144 
inch i.p.s. tubing in transformer 
breaker and station service bays and 
1144 inch i.p.s. tubing in the feeder 
bays. The connections from the oil 
circuit breakers to the adjacent dis- 
connecting switches are made up from 
1,000,000 cir. mils flexible stranded 
copper. Provision has been made for 
installation of feeder reactors in each 
of the outgoing circuits if such should 
be required in the future. The 
grounding transformers, installed to 
establish a neutral ground on the 
otherwise ungrounded 26 kv. circuits 
and to limiting the currents during a 
line-to-ground fault, are rated 26.4 
kv., 3 phase, 25 cycles, 60 ampere con- 
tinuous. A departure from the usual 
type of equipment on structures of 
this type and voltage is the introduc- 
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tion of station post type insulators. 

The station service transformers 
one of which will be installed at each 
structure, are rated at 200 kv-a., 
26,400-13,200/115-199-230 volt, 25 
cycle, 3 phase, 4 wire. One of these 
is capable of supplying the necessary 
light and power for the station, the 
other serving as a stand-by. The 
secondaries are connected through 600 
ampere fuses at the transformers, and 
four 1,000,000 cir. mils r.i.l.c. under- 
ground cables to the outer terminals 
of a 3 p.d.t. switch located in the sta- 
tion service distribution cabinet in 
the control building basement. 

All control circuits, and the circuits 
for lighting, heating and power, are 
carried in r.i.l.c. cables in 2 inch fibre 
ducts from the basement under the 
control room, through a system of 
concrete handholes and manholes, 
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Low voltage structure. 


* 


thence in galvanized iron conduits to 
destination in the yard. These fibre 
ducts and conduits are all encased in 
concrete and drain into the handholes, 
which in turn are drained into the 
sewers. When the station reaches its 
final stage, a total of some 32,000 feet 
of 2 inch fibre conduit and some 10,- 
000 feét of galvanized iron conduits 
of various sizes will have been in- 
stalled. In addition, there will be 
some 3,000 feet of 4 inch fibre conduit 
for the 26 kv. cables. 

The single storey control building 
with a full basement covers an area 
of 84 by 33 feet. It contains, on the 
main floor, besides the control room, 
an office, Junch room, locker and wash 
rooms. 

The control switchboard, which is 
of the bench type, and the relay board 
as well as the annunciator panel, are 
fabricated from stretcher levelled 
steel. The totalizing and _ battery 
panels are of the standard ebony as- 
bestos. All boards and panels are fin- 


ished in bronze, instead of the usual 
black. 

Twenty-three recessed lighting fix- 
tures fitted with 200 watt lamps are 
built into the suspended ceiling in the 
control room. These units provide a 
well distributed illumination of 30 
foot candles, practically shadow free. 
In addition, an emergency light with 
automatic throw-over switch to the 
battery circuit has been installed in 
the control room. 

The station service distribution 
centre is housed in a large steel cab- 
inet in the basement. This cabinet 
contains, besides the double throw 
switch to which the mains from the 
station service transformers are con- 
nected, a number of switch-units 
varying in sizes from 600 amperes 
down to 35 amperes, and controlling 
the several a.c. distribution sub- 
centres located in the yard and in the 
control building. 

A motor-driven fan, foreing air 
from the basement at the rate of 
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Control room. 


5,500 cubic feet per minute through 
a filter and heating chamber and a 
system of ducts to warm air outlets 
in the main floor below the windows 
provide the necessary heating. At 
the present, a completely thermostat- 
ically controlled group of electric 
heaters are installed in the heating 
chamber. Air returns from the con- 
trol room through two floor grilles to 
the basement, thus completing the 
circulation. It is the intention to re- 
place the electric heaters with a steam 
coil on the completion of the station. 
This system provides for about seven 
changes of air per hour, and may be 
used in the summer for air circula- 
tion. 

Adequate control room ventilation 
has been provided through two roof 
monitors, each equipped with a three 
speed fan. The air is drawn through 
the grille mountings for the lighting 
fixtures in the ceiling. 

The usual outside lighting for gen- 
eral illumination of the structure has 
been supplemented by six floodlight 
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units installed at the four corners of 
the property. 

Since the 110 kv. lines supplying 
this station are relatively short, they 
have been equipped with pilot wire re- 
lay protection. The 110 kv. and 26 
kv. buses are provided with high 
speed current differential protection 
with the former one supplemented by 
an over current supervising feature 
on the 110 kv. lines. The main trans- 
formers have high speed current, gas 
detector and timed current relaying. 
The 26 kv. feeders are radial and are 
equipped with high speed and standby 
feature for protection against short 
circuits and single high speed current 
relay for “grounds”. 

Two oil storage tanks, each with a 
capacity of 10,000 imperial gallons 
have been provided. Underground 
pipe lines lead from these tanks to oil 
pumps and a filtering plant temporar- 
ily located near the place where a 
future maintenance building will be 
erected. From this pump house, oil 
is piped to and from all the trans- 
formers and oil circuit breakers. 
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Power Development of the 
Madawaska River 


HE growth of the primary 
load on the Eastern Ontario 
system of The Hydro-Elec- 
tric Power Commission dur- 
ing the last twelve months and the 
number of new loads which are now 
definitely in prospect will more than 
use up the generating resources and 
the purchased power of that system, 
which amount to 148,000 h.p. 
Fortunately this will not mean that 
there will be any curtailment of the 
power supply to the primary power 
consumers. The deficiency will be 
made up by the Niagara system 
through a frequency-changer at the 
Chats Falls plant on the Ottawa river. 
Present estimates indicate that 
some 17,000 h.p. will be transferred in 
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December, 1940, and 47,000 h.p. in the 
fall of 1941. The maximum depend- 
able capacity of the frequency- 
changer is 48,000 h.p. 

In the fall of the following year the 
deficiency will exceed the capacity of 
the frequency-changer by some 8,000 
h.p. and additional 60-cycle generat- 
ing facilities will have to be provided. 

In order to meet this situation, The 
Hydro-Electric Power Commission 
proposes to proceed immediately with 
the construction of a 54,000 h.p. de- 
velopment at Barrett chute on the 
Madawaska river. This is the first of 
eight important power sites on this 
river proposed to be developed ulti- 
mately by the Commission. When all 
eight are developed and the requisite 
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storage basins to regulate the flow of 
the river are completed, some 200,000 
additional horsepower will be made 
available for use in the eastern part 
of the province. 

The Madawaska river, rising in AI- 
gonquin Park, flows south-easterly to 
enter the Ottawa river at Arnprior. 
Having a drainage area of 3,300 
square miles, it is the largest tribu- 
tary of the Ottawa in Ontario. In 
the upper reaches particularly, and on 
certain of its tributaries, there are 
lake expanses of a considerable size, 
many of which are capable of devel- 
opment as storage basins of large 
capacity, which will enable the flow of 
the river to be regulated satisfactor- 
ily for the development of the large 
amount of power indicated above. 
From Bark lake, where the first of 
these storage basins will be locat:d, 
the river falls 750 feet to reach the 
Ottawa river, and it is in this part of 
the river that the power developments 
will be made, varying in size from 
16,000 h.p. at Racket rapids, under a 
head of 50 feet, to 54,000 h.p. at 
Barrett chute, where a head of 154 


NOVEMBER, 1940 


er Ml 
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feet will be made available. The loca- 
tion and the size of the developments 
are shown on the map of the drainage 
basin, and the heads are indicated in 
the profile of the river. The Com- 
mission already has one development 
on the river at Calabogie at the foot 
of Calabogie lake, purchased along 
with numerous other assets of the 
O’Brien interests eleven years ago, 
and incorporated later in the Com- 
mission’s Eastern Ontario system. 
As indicated, the first development 
on the river, aside from the one al- 
ready operating, will make use of a 
fall of 154 feet in the five miles of 
the river immediately above Calabogie 
lake. The power-house site is close 
to the lowest rapid in this part of the 
river, and the development bears the 
name of this rapid, Barrett chute. A 
plan shown herewith indicates the 
general scheme of development. A 
concrete dam, 100 feet in height from 
foundation to crest and about 1,150 
feet long, will be built across the 
river above High falls. From the 
headpond formed by the dam, a canal, 
excavated in rock, will lead to head- 
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Plan of proposed development at Barrett Chute. 


works 2,000 feet distant from the in- 
take. Thence two _ steel penstocks, 
about 14 feet in diameter and 600 feet 
long, lead to the power house, which 
is to be located close to the shore of 
Calabogie lake, and a short tailrace 
will convey the water discharged from 
the turbines to the lake. The power 
house will contain two generating 
units, consisting of turbines having a 
rated capacity of 28,000 h.p. each, 
and generators rated at 24,000 kv-a. 
Power will enter the transmission 
lines of the Eastern Ontario system 
through a transformer and switching 
station, where the generator voltage 
of 13,200 will be stepped up to 
110,000 volts. 


At the same time as the develop- 
ment is being built, a storage dam 
will be constructed at the outlet of 
Bark lake to provide storage amount- 
ing to 215,000 acre-feet of water, that 


is to say, sufficient water to cover 
215,000 acres to a depth of one foot. 
Structures are so designed that this 
may be increased later to 270,000 
acre-feet. The construction of the 
Bark lake storage reservoir is itself a 
major job. The storage dam is a con- 
crete structure, 400 feet long, having 
a maximum height of 65 feet, cross- 
ing the main channel at the lake out- 
let, with an earth dam extending a 
distance of 700 feet from the end of 
the concrete dam to high ground on 
the right. There are involved also 
the improvement of about ten miles 
of highway to give access to the site, 
the relocation of fifteen miles of Pro- 
vincial highway, and various other 
minor matters. 

When the Commission obtained con- 
trol of the power rights on the river, 
it was anticipated that 140,000 h.p. 
might be developed there. Because 
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the developments will form part of an 
extensive system including many 
other developments on the Trent, 
Mississippi and Madawaska rivers, 
and are connected to the Commis- 
sion’s Niagara system, it is possible 
to take advantage of the seasonal 
variation in load in the southern part 
of the province to increase the ulti- 
mate capacity of developments on the 
river. The Niagara system has large 
supplies of surplus energy available 
during the summer months, by virtue 
of the lesser demands at that season 
than in the late fall and winter 
months. It is possible, therefore, for 
many months in the year to transfer 
energy from the Niagara system to 


oa 


the Eastern system, and it is proposed 
so to make this transfer as to con- 
serve water stored in the reservoirs 
of the Madawaska river, reserving the 
stored water to generate energy dur- 
ing the winter months when the de- 
mands are greatest. Careful studies 
of the problem indicate that, by oper- 
ating the Madawaska river develop- 
ments to take advantage of seasonal 
surpluses of power elsewhere, it is 
possible to increase the capacity of 
the developments on the river consid- 
erably above what was anticipated at 
the time the development rights were 
acquired. The total capacity of the 
eight sites is now estimated to be 
200,000 hp. 


Sir Oliver Lodge 


MONG the giants of science 
who achieved fame _ in 
later Victorian times none 
stands out with greater 

general prominence than Sir Oliver 
Lodge, whose death, at the age of 89 
years, occurred on August 22. Unlike 
many of his contemporaries his name 
was almost ‘as familiar to the general 
public as within the narrower limits 
of scientific bodies. Moreover he was, 
physically, a most impressive figure, 
of pleasant and approachable person- 
ality. Born in 1851 at Penkhull, near 
Stoke-on-Trent, Oliver Joseph Lodge 
at the age of 14 went to work in his 
father’s business in the Potteries. 
Science was his star, however, and 
his early struggles to attain it show 
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fine determination to rise above diffi- 
culties of finance. Evening classes, 
lectures on heat by Prof. Tyndall, a 
winter’s course at South Kensington 


Chemical Laboratory, lectures and 


laboratory work under Prof. Huxley, 
and Matriculation in 1871 were the 
groundwork of his later scientific 
career. He taught in exercise classes 
at University College, London, by the 
good offices of Prof. Carey Foster, 
enabling him to live without calling 
too much on home aid. For five years 
he studied mathematics under Pro- 
fessors Clifford and Henrici in Lon- 
don. In 1875 he took his B.Sc. degree, 
and about the same time became dem- 
onstrator of physics at London Uni- 
versity, and he published in conjunc- 
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tion with Prof. Foster, papers on the 
“Flow of Electricity in a Plane con- 
ductor.” In 1876 at Heidelberg, he 
read and analysed the first volume of 
Maxwell’s “Electricity,” and exhibit- 
ed before the British Association a 
model to illustrate the passage of 
electricity through metals and other 
material, according to Maxwell’s 
theory. From thence onwards came 
papers and suggestions on many 
electrical subjects, measurement of 
battery resistance, the standard 
Daniell cell, etc. 'He became a doctor 
of science in 1877; in 1887 assistant 
Professor of Physics at University 
College, and treatises and textbooks 
on electrical and mechanical subjects 
came from his pen. During the year 
1886-7 his research work was mostly 
devoted to electrolysis, and he was 
secretary of the Electrolysis Commit- 
tee. Then came work on Leyden jar 
discharges and on waves in conduc- 
tors. There followed proof that elec- 
trical wavelengths could be meas- 
ured, and we find him in the years 
that followed dealing with lightning 
discharge, the ether theory, the pro- 
pagation of light and electricity. He 
worked in the Cavendish Laboratory, 
Cambridge, in conjunction with Dr. 
Glazebrook. In 1888 St. Andrew’s 
University conferred on him the hon- 
orary degree of LL.D., and shortly 
afterwards he was admitted a Fellow 
of the Royal Society. He was con- 
nected with the British Association 
for many years, and was President of 


Section A in 1891. Lectures at the 
Royal Institution were on deposition 
of dust and fume by electricity, on 
fuel and smoke, and so on, and many 
will remember his published con- 
sideration of fog dispersal. Light- 
ning conductors and guards were an- 
other subject to which he contributed 
valuable data and theory. Hertzian 
waves and, following them, wireless 
telegraphy naturally attracted him; 
he demonstrated a method of signal- 
ling through space by Hertzian 
waves in 1894. He was appointed 
principal of the new University of 
Birmingham in 1900, and he was 
knighted in 1902 on the occasion of 
King Edward VII’s coronation. Elec- 
trons, the properties of matter and 
germane subjects occupied much of 
his time in the first decade of the 
20th century; but other things also 
in his researches about this period 
were electrification of crops, high- 
tension rectifying valves and ignition 
devices for internal combustion en- 
gines. He was President of the Phys- 
ical Society from 1899 to 1904, and 
President of the British Association 
in 1918. In 19382 he was awarded the 
Faraday medal by the Institution of 
Electrical Engineers. 

In his latter years, since his retire- 
ment in 1919, he swung over to the 
psychological side of science, and the 
world is promised, if his theories are 
correct, some manifestation from the 
other side at a fairly early date— 
The Electrical Times. 
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Ogoki River Diversion 


HE Albany river is one of the 
largest rivers in Ontario, 
being exceeded in size only 
by the St. Lawrence and the 

Ottawa. It drains an area of some 
50,000 square miles and empties into 
James bay from the west, after fall- 
ing a distance of 1,220 feet from lake 
St. Joseph in a distance of 470 miles. 
Its two principal tributaries are the 
Ogoki and the Kenogami. The AIl- 
bany river played an important part 
in the early history of western Can- 
ada, having served as a transportation 
route between tide-water on James 
bay and the interior to the west. The 
main route to the Red River Settle- 
ment, where the city of Winnipeg 
now stands, was from Fort Albany 
up the Albany river to lake St. Jo- 
seph, across the height of land into 
the Root river and Lac Seul, and 
thence down the English and Winni- 
peg rivers to lake Winnipeg. <A sub- 
sidiary route to lake Superior was up 
the Ogoki river, across the height of 
land, down the Ombabika river to 
lake Nipigon and thence down the 
Nipigon river to lake Superior. These 
routes were also used to a very con- 
siderable extent by the Hudson Bay 
Company and by the fur traders of 
the district. 
DESCRIPTION OF PROJECT 

The possibility of diverting some of 
the water, which now empties into 
James bay, into the Great Lakes sys- 
tem, was first realized in January of 
1924 when a _ reconnaissance was 
made, by one of the Commission’s en- 
gineers, of the height of land between 
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the Ogoki river and the headwaters of 
the Jackfish river, and of the divide 
between the Ogoki and the Albany 
rivers. The information secure] from 
this reconnaissance justified a more 
detailed study of the proposal, and 
the ensuing two years were spent in 
a careful topographical survey of the 
district. As a result of this survey, 
it was determined that a dam could 
be built on the Ogoki river at Wa- 
boose rapids to divert the run-off 
above this point across the height of 
land and into the chain of lakes feed- 
ing the Jackfish river. Thence the 
water would pass down Seymour 
creek into lake Nipigon and down the 
Nipigon river to lake Superior. The 
diversion of the Ogoki river was 
found to be entirely feasible. 

The drainage area above the pro- 
posed Ogoki river dam is 5,800 square 
miles, and the mean run-off, based on 
the known rate of run-off of adjacent 
rivers, is approximately 4,000 c.f.s. 
This flow, if diverted at a variable 
rate, could be stored in lake Nipigon 
and be let out at a uniform rate, or 
as required, by means of the Virgin 
Falls regulating dam at the outlet of 
lake Nipigon. A map of the district 
shows the geographical location of the 
various works involved in the diver- 
sion project. 

The works required in connection 
with the diversion of this Ogoki river 
flow would consist of a main dam at 
the head of Waboose rapids having a 
maximum height of fifty feet and a 
crest length of 1,700 feet. Two auxil- 
iary dams adjacent to the main dam 
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..PROFILE FROM OGOKI 


are also required to close weaknesses 
in the high contour. A third auxil- 
iary dam will be required on Snake 
creek which flows into Mojikit lake 
from the west. These dams will flood 
upstream to the west a distanc2 of 
thirty miles, and to the south into 
Mojikit lake. The total area of this 
new lake which would be created will 
be 120 square miles, of which 80 
square miles will be flooded area. The 
raised water level will extend south- 
erly from Mojikit into a small lake 
known as North Summit lake, and 
channel improvements at the summit, 
containing control works, will be re- 
quired to pass the diverted water 
into South Summit lake. From South 
Summit lake the water will flow 
through a series of small lakes into 
Seymour creek, and thence into lake 
Nipigon. Improvements are required 
in some of the connecting channels in 
the lakes at the head of Seymour 
creek, and a new underpass required 
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MONTREAL 


RIVER TO MONTREAL 


at the crossing of the Canadian Na- 
tional Railway immediately north of 
lake Nipigon. 


BENEFITS TO NAVIGATION 

It will be evident that the supply 
of additional water to the Great Lakes 
system will result in a raising of the 
levels of all of the Great Lakes and 
interconnecting channels and of the 
St. Lawrence river. This will not be 
of particular benefit on lake Superior, 
the level of which is now regulated by 
control works at Sault Ste. Marie, or 
on lake Ontario where the question 
of navigable depths is not of prime 
importance. 

An addition of 4,000 c.f.s. to the 
Great Lakes system would result in 
an increase of 2.1 inches in the level 
of lakes Huron, Michigan and Erie at 
mean stage. It has been estimated 
that a dependable addition of 1 inch 
in depth of these three lakes is worth 
$500,000 a year to the shipping in- 
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terests, and at this rate 2.1 inches 
would represent a saving of approxi- 
mately $1,050,000 a year. The major 
benefit of such an increased level 
would be to the iron ore and coal 
transport companies of the United 
States. Canadian shipping would 
also benefit to some extent but to a 
very much lesser degree. This diver- 
sion would also result in an increase 
of 1.4 inches in level in Montreal 
harbour at low stage. 

It may be possible to drive pulp- 
wood from the Ogoki river to lake 
Nipigon for use in mills to be con- 
structed in that vicinity or on down 
the Nipigon river to the mills in the 
vicinity of Port Arthur. However, 
this may not be found to be econom- 
ical for some time to come. 


POWER AVAILABLE 


There: 15 -“a=tota=tall. trom. the 
Ogoki divide to Montreal harbour of 
approximately 1,040 feet. The same 


fall of course exists under present 
conditions from Waboose rapids down 
the Ogoki and Albany rivers to James 
bay. While the diversion of the 
Ogoki river into the Great Lakes sys- 
tem would not result in any increase 
of total potential power, it would 
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bring the water so diverted much 


closer to existing markets. 

Of this total head of 1,040 feet, it 
is estimated that about 980 feet would 
be capable of economical development. 
About 580 feet is partially or wholly 
developed at present. 


On the Nipigon river 135 feet is at 
present developed in the Commission’s 
two plants at Cameron Falls and 
Alexander, and the additional diver- 
sion could be utilized through these 
two plants to produce considerable 
additional energy. Power planis are 
available at Sault Ste. Marie to utilize 
the Ogoki water there. The addi- 
tional flow could be utilized through 
the Commission’s Toronto Power 
plant at Niagara Falls to produce ed- 
ditional energy or through a new de- 
velopment to be constructed at Ni- 
agara Falls. The international sec- 
tion of the St. Lawrence is undevelop- 
ed at the present time. The 4,000 
c.f.s. would add approximately 104,000 
continuous horsepower to the Com- 
mission’s plants on the Nipigon and 
Niagara rivers, and 8,000 horsepower 
to the plant at Sault Ste. Marie, 
230,000 horsepower in Ontario being 
at present undeveloped. 
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Fatigue Tests on Zinc-Coated 


Steel 


Wire 


By D. G. Watt, Assisting Testing Engincer, H.E.P.C. of Ontario 


HE progessive failure of over- 

head conductor cables due to 

aeolian virbrations presents a 

serious problem to engineers 
responsible for the design and main- 
tenance of power-transmission lines. 
A great amount of study has been de- 
voted to the cause and nature of con- 
ductor vibration and to the devising of 
mechanical dampers to suppress it be- 
low a harmless limit. 


Coincident with the advances which 
have been made in restricting the in- 
tensity of cable vibration to the point 
where indefinitely long or at least ex- 
tended conductor life will result, 
efforts have been made to obtain con- 
ductor materials with the best fatigue 
properties and to ensure that these 
properties are maintained during 
manufacture by checking from time 
to time the endurance limit of the wire 
from which the conductor is pane 
fabricated. 


The simple reversed bending fatigue 
test, while it does not duplicate the 
complex stress conditions to which the 
wires in a vibrating cable are sub- 
jected in the field, furnishes the most 
practical method of measuring the 
relative ability of materials to with- 
stand vibration failure. For applica- 
tion of wire in overhead conductors, 


Presented to the American Society for Testing 
Materials at Atlantic City, June 27, 1940 


1Ground wire cables are seven- strand patente 
steel cables strung between transmission line tow- 
ers for protection against lightning. 


NOVEMBER, 19406 


where aeolian vibrations may occur, 
the results of fatigue tests on the 
material have more significance than 
much of the data obtained from the 
standard or commonly prescribed wire- 
quality tests. Measurements of ten- 
sile strength, elastic limit, and ductil- 
ity still constitute the basic require- 
ments of the majority of wire speci- 
fications. In spite of the fact that 
such data are essential to the designer 
and in many instances are related to 
service life, it is common knowledge 
that the results fail to reveal whether 
the material has the required fatigue 
strength for applications in which 
vibratory stressing may occur. 


The work recorded in this paper 
represents a part of The Hydro-Elec- 
tric Power Commission’s researches on 
the fatigue properties of conductor 
materials, namely, that dealing with 
zinc-coated steel wire of the type from 
which transmission line ground wire 
cables are stranded.’ 


Briefly, the objects of the investiga- 
tion were as follows: 

1. To compare the endurance limits 
of zinc-coated steel wires of the follow- 
ing grades: 

220,000 to 250,000 p.s.i. 
170,000 to 190,000 p.s.1. 
110,000 to 120,000 p.s.i. 


2. To determine the extent to which 
the hot-dip galvanizing process affects 
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Coil Number 


Condition 
-Leod-Ann'd. 


Fig. 1.—Key to coil numbering 
system. 


the endurance limit of steel wire in the 
lead-annealed condition. 

8. To determine, within a specified 
range, the influence of the thickness 
of zinc coating on the endurance limit. 


4. To determine whether the results 
of the ordinary quality tests, as car- 
ried out at the mill, namely, tensile 
strength, percentage elongation, bends 
and twists to failure, give any indica- 
tion of the fatigue properties of the 
wire. 

5. To supplement physical tests by 
microscopic examinations of the wires 
and their coatings to determine, where 
possible, the factors which are deleteri- 
ous to the fatigue properties of the 
material. 

MATERIALS 

The investigation was carried out 
on wires classified on the basis of ten- 
sile strength in Table I. The tabulated 
data include the condition in which 
the wire was tested, the chemical com- 
position, diameter, and weight of zinc 
coating. The key to the sample num- 
bering system is explained in Fig. 1. 

All coils of 170,000 to 190,000 p.s.i. 
grade wire in group B were drawn 
from the same melt of steel. Samples 
were obtained from four reels of wire 
diameters 0.080, 0.101, and 0.117 in. 
Part of each reel was withdrawn from 
the continuous process after lead-bath 


annealing. The remainder was sub- 
jected to the complete coating process, 
including lead-bath annealing, pick- 
ling, and hot-dip galvanizing. 

The 220,000 to 250,000 p.s.i. grade 
wires in group A were drawn from 
two melts of steel, the one of lower 
carbon content being used for the 
0.082-in. diameter wire. The sample 
coils were obtained from two reels of 
each diameter. As in the case of the 
wires in group B, a portion of each 
reel was lead-annealed and the remain- 
der hot-dip galvanized. 

All of the wires in group D and 
some of the wires in groups E, F, and 
G were zine coated by electrolytic 
processes. 


TEST METHODS 

The fatigue data presented in this 
paper were obtained from tests car- 
ried out on two Haigh-Robertson wire 
fatigue testing machines, one of which 
is shown in Fig. 2. Since these test- 
ing machines, or slight modifications, 
are in general use and have been de- 
scribed in detail elsewhere, it is only 
necessary to outline briefly the prin- 
ciple of operation here.’ 

In Fig. 2 it will be observed that 
one end of the wire specimen under 
test is gripped in the chuck on the 
motor shaft. The other, fitted with 
a small cup-faced sleeve, runs on a 
ball thrust bearing mounted in a mov- 
able tailstock on the bed of the ma- 
chine. The headstock, including the 
driving motor and chuck, is free to 
turn on a vertical axis coincident with 
the chuck jaws. By means of a fine 


2“Watigue Testing Machine for Wire,” Engineer- 
ing, Vol. 138, August 10, 1934, p. 1389. 


“Haigh-Robertson Fatigue Wire Testing Ma- 
chine,” The Bulletin, Vol. XXIII, No. 6, June, 
1986, p.7d/92. 
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Fig. 2.—Haigh-Robertson fatigue testing machine. A—-Wire specimen. 
B—Tailstock. C—Angular scale. D—Headstock. H—Vertical headstock 
bearing. F—Speed control. G—Specimen length gage. 


screw adjustment, the thrust bearing 
on the tailstock may be moved towards 
the headstock and the wire specimen 
thus given any desired degree of de- 
flection as a strut and simultaneously 
rotated by the motor about the neutral 
axis. 


If the modulus of elasticity of the 
wire is known, the maximum stress 
in the specimen, which occurs at mid- 
length, may be calculated from its 
length-diameter ratio and the angle of 
inclination at the free ends. This 
angle is read directly from the vernier 
angular scale attached to the swinging 
headstock. In the case of the zinc- 
coated wires the length-diameter ratio 
was based on the diameter of the 
steel. The principle of load measure- 
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ment employed in the Haigh-Robert- 
son machine assumes that the wire 
specimen was originally straight. If 
this requirement is not fulfilled and 
the wire contains any small kinks, 
twists of long radius bends, secondary 
vibrations will be set up in the rotat- 
ing specimen and it will not conform 
to the smooth curve on which the 
stress calculations are based. 


The wire samples, as received, con- 
tained the natural curvature of the 
coil produced by winding on the take- 
ups in the galvanizing plant. Straight- 
ening of the specimens was first car- 
ried out by pulling each in a testing 
machine to the so-called yield point 
determined by the drop of the beam. 
This method, which was originally 
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Fig. 3.—S-N curves on 170,000 to 190,000 p.s.i. grade lead-annealed 
and hot-dip galvanized wire. 


suggested by the makers of the Haigh- 
Robertson machine, proved fairly sat- 
isfactory for 170,000 to 190,000 p.s.i. 
grade wire, although at times supple- 
mentary hand straightening was re- 
quired.’ In the case of the harder wires 
it was found that straight specimens 
could be obtained more conveniently 
by passing the wire through a small 
hand-operated straightening machine. 
Accordingly, after all of the tests had 
been completed on groups A, B, and D, 
the remaining tests were carried out 
on machine-straightened specimens. 

The testing speed used was of the 
order of 6000 to 7000 rev. per min. In 
some of the tests higher and lower 
speeds were employed to eliminate 
specimen vibration. 

Modulus of elasticity determinations 
were carried out on at least two wire 
specimens from each coil, strain meas- 
urements being recorded over a 10-in. 


“Fatigue 


3C, P. Wampler and N. J. Alleman, 
Lota e 


Tests of Wire,’ ASTM BULLETIN, No. 
cember, 1939, p. 18. 


4H. A. Anderson, ‘“‘Tension Tests of Thin Gage 
Metals and Light Alloys,’’ Proceedings, Am. Soc. 
Testing Mats., Vol. 24, Part II, p. 997 (1924). 


gage length with an Anderson exten- 
someter.. The samples for modulus of 
elasticity tests were straightened by 
the same methods as those employed 
for straightening the fatigue speci- 
mens. 

Bend and twist tests were performed 
in the hand-operated machines, sup- 
plied by the W. & T. Avery Co. 


TEST DATA 

A summary of the test data ob- 
tained on each sample coil of wire is 
presented in Table I. The information 
includes values for tensile strength, 
percentage elongation, twists and 
bends to failure, modulus of elasticity, 
endurance limit, and endurance ratio, 
that is the ratio of endurance limit 
to tensile strength. 

Typical S-N curves on wires of dif- 
ferent diameters from groups B and 
A, in the lead-annealed and hot-dip 
galvanized conditions, are shown in 
Figs. 3 and 4. It will be observed that 
on some of the curves there was a 
range of stress, varying from 1000 to 
3000 p.s.i. above the endurance limit, 
in which a number of the specimens 
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Fig. 4.—S-N curves on 220,000 to 250,000 p.s.i. grade lead-annealed 
and hot-dip galvanized wire. 


broke at less than 10,000,000 cycles, 
while others, tested at the same stress, 
continued to run unbroken over the 
10,000,000 cycle mark. It is thought 
that in this critical stress range, 
where the S-N curve is approaching 
the horizontal, a given degree of non- 
uniformity in the fatigue resistance 
of the specimens, such as that due to 


90000 


80000 


minute differences in surface condi- 
tion, results in a greater variation in 
cycles to failure than at the higher 
stresses where the slope of the curve 
is steeper. 

To facilitate ready comparison, the 
endurance limits of the wires are plot- 
ted in Fig. 5. Horizontal lines have 
been inserted to represent the average 


‘© 10000 


A 
A 


60000 


Limit, 


50000 


40000}! 


Endurance 


30000F 


0: lead -annealed 


N 
oO 
Ss) 
(e) 
(2) 


A-6A2-083- 272 


A-7Al-104-276 | 


A- 742-104-280 


Coil Number 

A- 6A! -083 - 286 
C- 7£ -083- 200 
B-5A2-/04 - 224 
B- 5A3-/04 - 228 
B- 5A4-104 - 232 


Fig. 5.—Endurance limits of 


NOVEMBER, 1940 


@ Hot-dip Galvanized 
A Flectro- galvanized 


“263 | 


B- 5G3-083 - 248 
- 083 


Fa 2baas 25-2660) | 


B-5G4- 083 - 253 
GI -104 - 222 

£-66 -/04- 223 

(ATG AUC AS 


5 


168 Io 52227 


B-5A/-/25 - 204 


B- 5G/- 083 - 238 
B- 5G2-085- 243 
B-5G64-104- 234 
| £- 66 -083- 22/ 


B-5A4-/25 2/6 
EaZe 


B- 


/90 000 - 
/70 000 


all wires tested. 


348 


THE BULLETIN 


AUILTTIINITMTTTITMMMM THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO itiiiitistiinniiieniiiiiiniiieiiiniitiiit, 
80000 40: = 80000 KA A 
ts row ;s cal yw 
= -60000 hs 
° 70 000 30 4 
3s = 40000 
: 20 a Haale 
bie os 2 ¢ 20000 
3 50000 3 2 0 comateane Group -C \Group -E 
a a c in Cast Os oO) en ore oan 
iF Oy Ble soe Sue eee 
40000 CGUOTO, “OO Cae COLO. oe > 
~  100000~=—s«50000 = 200000 = 250000 Wire Diameter, in. 


Strength. psi. 


Fig. 6—Plot of endurance limit and 
endurance ratio of hot-dip galvanized 
— wires against tensile strength. 


of the test values obtained on sample 
coils of wire having the same dia- 
meter, similarly processed and made 
from the same melt of steel. 

A comparison of the results obtained 
on the lead-annealed and hot-dip gal- 
vanized wires in groups A and B re- 
veals the deleterious effect of the hot- 
dip galvanizing process on the endur- 
ance limits of the uncoated steel wires. 
Galvanizing depressed the endurance 
hmits of the lead-annealed wires 
11,000 to 20,000 p.s.i., the adverse 
effect of the coating being somewhat 
less for the wires in group A than 
for those in group B. 

In Fig. 6 the endurance limits of all 
of the hot-dip galvanized wires are 
plotted against their respective tensile 
strengths. Although there is a con- 
siderable scatter in the points due to 
differences in chemical composition, 
reduction by drawing and processing 
treatments, the results indicate that 
the 220,000 to 250,000 p.s.i. grade 
wires have somewhat higher endur- 
ance limits than the 170,000 to 190,000 
p.s.l. grade. The endurance limit of 
the one coil of 110,000 to 120,000 p.s.i. 
grade was lower than those of the two 
harder grades. The improvement in 


Fig. 7.—Endurance limits of zinc- 
coated wires from each grouy plotted 
against wire diameter. 


the fatigue properties of the wires as 
the tensile strength increased was ac- 
companied by a loss in ductility as 
revealed by a smaller percentage 
elongation at failure in the tension 
test. 

The plot of the endurance ratios of 
all of the hot-dip galvanized wires 
against their respective tensile 
strengths, in Fig. 6, shows that this 
ratio becomes smaller as the tensile 
strength of the wire is increased. Ref- 
erence to the data obtained on the 
lead-annealed and the electro-galvan- 
ized wires in Table I reveals a similar 
relationship between the endurance 
ratio and the tensile strength for wire 
in these conditions. 

The effect of drawing on the endur- 
ance limit of the zinc-coated wires is 
illustrated by Fig. 7, in which the 
endurance limits of the wires, from 
each sample group, are plotted against 
the wire diameter. It will be observed 
that in every case some improvement 
was effected in the endurance limit as 
the reduction by drawing was _ in- 
creased. The break in the curve for 
the samples from group A is due to 
the use of a lower carbon steel for 
the 0.082-in. diameter wire than for 
the two larger sizes. A similar effect 
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TABLE II 
EFFECT OF COATING THICKNESS ON ENDURANCE LIMIT 
Weight of Zinc Endurance Limit, p.s.i. Endurance Ratio, per cent 
Coil Number Coating = ate 
oz. per sq. ft. 
4 Dip Coating 31% Dip Coating | 4 Dip Coating | 314 Dip Coating 
B-5G1-083-238 0.88 SSO ai mel noms On. 28.4 aks: 
B-5G1-083-239 0.68 coe De OUUMES 1 in. a Pe: 29.6 
B-5G2-083-243 0.89 eh ae 29.0 ie 
B-5G2-083-244 0.67 eg 52 200 28.8 
B-5G3-083-248 0.85 D2. OD0F ae te, ite: et al ih linc Pot ae 
B-5G3-083-249 0.69 ee 53 300 28.6 
B-5G4-083-253 0.90 SSO erie, 29.0 ic 
B-5G4—083-254 0.70 ne 52 500 28.7 
may be noted between the endurance dip galvanized wire. Two coating 


limits of the lead-annealed wires of 
various diameters. 

It will be observed from the data in 
Table I that wires coated by electro- 
lytic processes had endurance ratios 
slightly exceeding those obtained on 
the hot-dip galvanized wires of similar 
grade. Although variations in chemi- 
cal composition, drawing, and heat 
treatment of the base wires may pre- 
clude a direct comparison of the rela- 
tive effect of the two coatings, the re- 
sults point to the superiority of the 
electro-deposited coatings over those 
applied by the hot-dip method, in so 
far as the fatigue resistance of the 
finished wires is concerned. 

A number of tests were made to 
determine the effect of coating thick- 
ness on the endurance limit of hot- 


thicknesses were employed, namely, 
those required to withstand four and 
three and one half dips, respectively, 
in the Preece test. The samples were 
obtained by applying the coatings to 
wire from corresponding reels. The 
results of the tests, presented in 
Table II, indicate that, within the 
range investigated, coating thickness 
had no perceptible effect on the endur- 
ance limit of the wire. 

The average number of twists and 
bends to failure, along with the per- 
centage average variation in the re- 
sults obtained on the specimens from 
each coil, are shown in Table I. Plots 
of twists and bends to failure against 
the endurance limits of the wires re- 
vealed no definite correlation between 
these values. 


(To be continued) 
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Prevention Easier Than Cure 
of Radio Interference 


L. V. Blake, Radio Technician, Arkansas Power & Light Company, 
Pine Bluff, Ark. 


E believe that any distri- 
bution engineer who 
swaps one ounce of radio 

interference prevention 
for a pound of cure has made a bad 
bargain. But, fortunately, he doesn’t 
have to abide by his bargain, for 
there are some simple rules which, if 
followed consistently, will result in 
construction of distribution lines es- 
sentially free from avoidable sources 
of interference. Our bargain-minded 
engineer can start his prevention pro- 
gram with his next line extension. 

All the construction rules which can 
be laid down are corollaries of one 
simple, general rule which will keep 
sources of radio interference at a 
minimum. 

Connect all pole hardware solidly 
together, or keep it spaced well apart 
—The corollaries are these: 


1. See that all hardware remains 
tight by periodic tightening. 

2. Keep ground wires on poles clear 
of all ungrounded hardware. 

3. Keep guy wires clear of all other 
wires and hardware. 

4. Keep tie wires tight; on lines of 
above 5,000 volts avoid weatherproof 
insulation at ties and dead-ends. 

5. In disk insulator assemblies use 
only standard type brass cotter pins. 

6. Remove all pieces of “haywire” 
found hanging on line wires. 

The explanation of radio interfer- 
ence caused by violation of these 
rules has not been given the attention 
it deserves. Briefly, it may be said 


that most important causes of radio 
interference are associated with the 
electrostatic field such as exists be- 
tween any two 
which a voltage exists. 


conductors across 
Just aS an 


Washer on 13-kv. wmsulator pin too Arrester ground wire close to 13-kv. in- 
close to crossarm brace; keep all pole sulator pin; ground wire should clear 


hardware spaced well apart. 


all ungrounded hardware (rule 2). 
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Insulator pin strap (or switch-mount- 

ing assembly) almost touching cross- 

arm brace; connect all pole hardware 
together or space it well apart. 


electromagnetic field induces a volt- 
age in conductors within its range, 


9) 
J 
Sy 


Grounded lightning arrester mounting 

assembly too near spacer bolt washer 

(suitch assembly on other end of 

bolt); keep grounded parts clear of 
all ungrounded hardware. 


NOVEMBER, 1940 


isolated conductors, such as line hard- 
ware, in an electrostatic field are sub- 
ject to electrostatic induction. On an 
a.c. line a charge and discharge take 
place in such hardware exactly as in 
the plate of a condenser. Finally, if 
two units of hardware thus acted 
upon are almost touching, the intense 
field in the small gap may overstress 
and ionize the air at this point and 
allow the formation of a continuous 
are. This explains the reason for the 
basic rule already given that: In con- 
structing lines of 2,300 volts and 
above all pole hardware should be 
either solidly connected together or 
spaced well apart. 


An inch or more spacing between 
units of hardware is sufficient, al- 
though it is well to instruct linemen 
to provide as much spacing as is con- 
sistent with good construction. 

The accompanying sketches show a 
few typical conditions under which 
interference may, and often does, 
occur. Trouble of this nature is most 
frequently found on lines in the volt- 
age region between 5,000 and 15,000 
volts, although under “ideal” condi- 
tions the same trouble will occur in 
2,300-volt lines. Lines of above 15,000 
volts are generally used for transmis- 
sion rather than distribution—there 
is less hardware on the poles and, ac- 
cordingly, fewer chances for this kind 
of trouble. 

It is occasionally difficult for some 
linemen to understand exactly what 
occurs under conditions similar to 
those shown in the sketches. As a re- 
sult, some may tend to laxity in ob- 
serving the rule. Seriousness of radio 
interference will be appreciated, how- 
ever, from the fact that in many cases 
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radio interference caused by an arc 
between two units of hardware on a 
13-ky. line has been found to affect 
radio reception of customers along 
the line ten or more miles from the 
actual source of trouble. Frequently, 
customers within a mile or two of 
such a source of interference cannot 
recelve any programs whatsoever. 


WATCH OUT FOR— 
Discussion of the corollary rules 
laid down in the early part of the 
article may disclose some vulnerable 
points of construction which might 
otherwise be overlooked. 


1. Keep all hardware tight. Peri- 
odic retightenings are recommended 
—Loose hardware is as frequent a 
source of radio interference as is 
hardware improperly spaced. If lag- 
screws, carriage bolts or through- 
bolts become loose a solid electrical 
connection may no longer exist be- 
tween units of a hardware assembly. 
Arcing may therefore occur across 
the tiny gaps thus formed. Shrinkage 
of wood poles and crossarms almost 
inevitably results in loose hardware 
four or five years after a line is built. 
Loose crossarm braces are very often 
found to be causing radio interfer- 
ence. <A periodical “tightening up” is 
about the only thorough remedy that 
can be suggested at present. 

2. Keep ground wires on _ poles 
clear of all ungrounded hardware— 
This rule is often violated in connec- 
tion with lightning arrester ground 
wires on transformer poles. Particu- 
lar care should be taken to keep 
arrester grounds clear of such electro- 
statically charged objects as insulator 
pins and switch assemblies, as well as 
crossarm braces, transformer hangers 


‘7620 Volts 


Guy wire hardware almost touching 
metal pole-top insulator pin (rule 3). 


Metal 
pole hat 


i} 


Metal pole top pin or switch base too 

near pole hat on 7,620-volt line; keep 

all pole hardware spaced well apart or 
connect it all together. 
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Guy wire too near eyebolt; keep all 
guy wires clear of all hardware 
(rule 3). 


and metal “kickers”. If weatherproof 
insulated ground wire is used staples 
should not be driven hard enough 
to crush the insulation. If bare 
ground wire is used staples should 


Intermittent contact between guy and 
neutral wires; keep guy wires clear of 
all other wires (rule 3). 
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be driven tight. Staples within a few 
feet of a high-voltage lead wire be- 
come charged, and will discharge to 
the ground wire if these rules are not 
observed. 


3. Keep guy wires clear of all 
other wires and hardware—An un- 
grounded section of guy wire (the 
section above the strain insulator) 
becomes electrostatically charged and 
care should be taken to insure against 
guy and neutral wires touching or 
slapping together in windy weather. 

4. Provide solid electrical connec- 
tion between line and tie wires— 
This means keep tie wires tight. On 
circuits of above 5,000 volts, if the 
line wire is weatherproof insulated, 
the insulation should be removed at 
insulator ties and disk insulator dead- 
ends. If this is not done arcing or 
“spitting” will occur between the line 
and tie wires, especially after the in- 
sulation has aged a few years. 


5. Avoid the use of any metals 
which will rust or corrode—Where 
rust or corrosion occurs good elec- 
trical connection no longer exists. 
Even such small articles as the cotter 
pins used in disk insulator assemblies 
are important in this respect—only 
the standard brass type should be 
used. Steel cotter pins or makeshifts 
should never be substituted. Electro- 
static discharge to a rusted or cor- 
roded cotter pin will cause consider- 
able radio interference. Metals which 
ordinarily will not corrode may do so 
when in contact with a different 
metal; this principle has, of course, 
been recognized and taken into ac- 
count in the design of special devices 
for making connection between cop- 
per and aluminum conductors. 
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Recently considerable trouble was 
experienced at the ties on the neutral 
wire (grounded) of a 7,620-volt rural 
line. The conductor was stranded 
aluminum, the ties copper and the 
neutral support brackets galvanized 
iron. The cause was found to be 
“spitting” at some of the neutral wire 
ties; the lineman could hear the arc 
by placing his ear close to the tie. 
Removing the tie wire caused the 
radio interference to stop. This con- 
dition was occurring all along the line 
and was very difficult to remedy as it 
appeared to be due not so much to 
looseness of the tie as to corrosion 
formed by electrolytic action between 
the dissimilar metals. A detailed in- 
vestigation of this condition has not 
yet been made. 

6. “Haywire” should always be re- 
moved when found hanging on high- 
voltage line wires—This should be 
done even if it is on the neutral wire 
and cannot possibly swing into con- 
tact with other wires, as radio inter- 
ference will result if such pieces of 
scrap are rusted. 

BOTHERSOME INTERFERENCE 

In general, the most serious inter- 
ference to radio reception will be 
caused by a discharge between two 
pieces of hardware when one is 
grounded and the other quite close to 
a “hot” line wire. These conditions 
are fulfilled, for example, when the 
ungrounded mounting assembly of a 
transformer primary switch almost 
touches the grounded mounting as- 
sembly of a lightning arrester, or 
when the arrester ground wire almost 
touches a steel insulator pin. 

On the other hand, a discharge 
between two ungrounded pieces of 
hardware may cause comparatively 


Arcing or static 
discharge occurs 
between /ine 
and tie wires 
or between line 


wire and metal 
dead-end fitting 


Weatherproof insulator at insulator 
ties and dead-ends on lines above 
2,300 volts; remove insulation at these 
points and use bare tie wire (rule 4). 


slight interference. An example of 
this sort is the arcing that takes place 
between the two arms of a set of loose 
crossarm braces or between a loose 
insulator pin washer and the pin it- 
self. Note, however, that compara- 
tively slight should not be interpreted 
as negligible. 

It may be of interest to mention 
here that radio interference caused 
by the type of condition being dis- 
cussed may disappear in wet weather, 
or may come and go with changes in 
temperature. During a rain, water 
may form a temporary “bond” be- 
tween closely spaced units of hard- 
ware, literally quenching the arc. 
Temperature changes may cause suffi- 
cient contraction or expansion of 
hardware to close a small gap or 
widen it, causing an arc to start or 
stop. Ordinarily, the size of the gaps 
across which these troublesome ares 
occur is less than one-eighth of an 
inch.—Electrical World. 
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An Old Type Switchboard 


N The Bulletin of May, 1929, we . 


had a short article descriptive 
of an early installation made in 
the plant of the Canada Cotton 
Company, now known as the Canadian 
Cottons, Limited, at Cornwall, On- 
tario. The accompanying picture, 
which is reproduced here, was of an 
Edison bi-polar d.c. generator that 
started operation on February 28th, 
1883, and remained in service until 
1913. It had a capacity of 16 horse- 
power, and weighed 4,875 pounds. 
Thomas A. Edison personally super- 
vised the installation and was present 
when it was placed in service, closing 
the main switch. 
Reference was made to the switch- 


board which is shown behind the gen- 
erator. The distributing panel, at 
the left rear of the generator re- 
mained in service until after March, 
1931, when it was replaced by modern 
equipment. A picture of that panel 
with a more modern type ammeter 
mounted on top of it is also shown. 
The panel was made of wood carried 
on a wooden frame. On this were 
attached slate bases mounting the 
quick break switches with link fuses 
and ammeters. The original gener- 
ator panel shown at the right rear of 
the generator was of the same type 
of construction, viz. wood with field 
rheostats, etc., mounted on slate bases. 


Overlooking the type of construc- 
tion as compared with present stan- 


Edison generator and switchboard installed at Cornwall, Ont., in 1883. 
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Distributing panel of Edison switchboard which operated from 1883 to 1931. 


ity. It will also be noted that some 
of the original cast terminals have 


dards, one is impressed by the gener- 
osity in the use of copper. The 


switches, for which the ratings are 
not available, appear to have been 
designed to withstand mechanical 
usage rather than on the basis of cur- 
rent carrying or interrupting capac- 


disappeared and either have been re- 
placed by home-made substitutes or 
dispensed with altogether. All con- 
nection screws for the fuses are round 

ead slotted as are those for the ter- 
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minals, excepting the terminal screws 
for the main switches and the amme- 
ters which are hexagon headed. 
That the board continued to give 
service during the 48 years of its life 
without serious trouble is an indica- 
tion of the allowances made in the 


SS 


SE 


construction to avoid dangerous con- 
ditions which have since become thor- 
oughly understood. This did not 
compensate for any dangers that 
might arise to unthinking persons, 
which no doubt were recognized and 
every effort was made to avoid. 


SAS 


The Original Subscription List 


LLUSTRATED herewith is a re- 
production of a photograph of 
the original subscription list by 
which the sum of $45.00 was 
collected towards the expense of ob- 
taining the services of Chas. H. 
Mitchell, Engineer, to report on the 
possibility of obtaining power from 
- Niagara Falls for distribution to mu- 
nicipalities in Ontario. The record is 
as follows: 

Berlin, Ont., June 2, 1902. 
NIAGARA FALLS ELECTRIC 
POWER PROBLEM 
A meeting has been arranged to be 
held at the Walper House, Berlin, 
June 9th (Monday next) at 11 a.m. 
to discuss and secure information on 

the above question. 

The services of Chas. H. Mitchell, 
Engineer, of Niagara Falls, who is 
conversant with the subject and situ- 
ation at Niagara Falls have been se- 
cured to give information, etc. 

Representatives from all the neigh- 
bouring towns and cities will be pres- 
ent. To defray expenses incurred by 
Engineer’s services and the cost of 
providing a lunch for outside repre- 
sentatives, the amounts opposite the 
following names have been contrib- 
uted :— 
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Name Amount 

AALS ee Gs. $2.00 
Geo. M. DeBus pd. 22.0... 2.00 

| Pa ( IAPR 0 22 a oe eg 2.00 


The Jacob Y. Shantz & Son 


Oat Ge fe 2.00 
D. B. Detweiler Pd. .................. 2.00 
G. V. Oberholtzer Co. Ltd. 

ue eS ee 2.00 
eliibner & Co. Pd: 037. 2.00 
Geombampel: pds <2 cay otus. 2.00 
ipeesonantz-& Co. Pd. x... 2.00 
Le-MeBrine- & Co. Pd........... 2.00 
Canada Furniture Mfrs. 

COL Speen Se Son 2.00 
Berlin Furniture Co. Ltd. 

[REAR ONES Soa cee ES er Oe 2.00 
Gare taredorn: Pd. =....-........ 2.00 
Berlin Piano & Organ Co... 2.00 
Peiesu Man pds .k en cee 2.00 
Waterloo Mfg. Co. Pad............. 2.00 
Richard Roschman & Bro. 

COL, Sener Saale cre Paneee eines 2.00 

Pd. Star Whitewear Mfg. Co... 2.00 
Jonmueme Wang Pde) 20 sk. 2.00 
eter > Pre ee 2.00 


i Raye Mig.-Co. Pd: 

CC Heeboerr &» Go. Pd. 
A. & C. Boehmer Pd. 
Chas. A. Ahrens & Co. paid 
J. M. Clemens ¢ 
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The original subscription list. 
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A.M.E.U. Nominations 


The Primary Ballot of the Associa- 
tion of Municipal Electrical Utilities 
giving nominations for officers for the 
year 1941, according to the scruti- 
neers’ report shows the following 
names. Those nominated for each 
office are listed in the order of the 
nominating votes received by each. 
The names marked with a star (*) 
are those that will appear on the elec- 
tion ballots, provided none of the 
nominees withdraw. The elections 
will take place on the first day of the 
winter convention of the association, 
which will be held at the Royal York 
Hotel, Toronto, on February 4th and 
5th, 1941. 


The nominations are as follows :— 


PRESIDENT: C. E. Brown*, A. B. 
Manson*, A. W. Bradt, G. E. Chase, 
R. H. Martindale. 

VICE-PRESIDENT: A. W. Bradt*, V. 
A. McKillop*, W. R. Catton, S. W. 
Canniff, C. E. Brown, R. H. Martin- 
dale, R. J. Smith, P. B. Yates, W. E. 
Reesor, G. F. Shreve, R. S. King, 
Fred Clark: ae 

SECRETARY: S. R. A. Clement*, M. 
J. McHenry~*. ; 

TREASURER: G. E. Conn*, F. A. 
Archer*,.S. E. Preston,- S. R. A. 
Clement, E. B. Easson. 

DIRECTORS (from the membership 
at ilargeya 19. W.» Cannift*; “A. -W. 
Bradt, W. R. Catton*, O. M. Perry*, 
PB isBicvates a0: soi: Seott*.Ou.G. 
Thal* and G. E. Chase* (tie), H: R. 
Hatcher, R. S. King, G. F. Shreve, R. 
L. Dobbin, M. W. Rogers, J. E. 
Teckoe, V. A. McKillop, W. M. Salter, 
C..C. Folger, R. J. Smith, J. W. Peart, 
C. A. Walters, R. H. Martindale, E. V. 
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Buchanan, R. S. Reynolds, J. E. B. 
Phelps, George Boucher, R. J. Cook, 
E. R. Smithrim, N. A. Anderson, T. 
R. C. Flint, Charles Wilson, W. D. 
Stalker, J. C. Keith, L. G. McNeice, 
Weve Parkinson; A,: Hs R. Thomas, 
R. B. Hanna, R. English, W. D. Me- 
Cormick; © D.° E. Charters, W. E. 
Swartz, A. E. Ditchburn, F. D. Hub- 
bell. 

DISTRICT DIRECTORS: 

NIAGARA DISTRICT: R. S. Reynolds*, 
Weeks Gatton J:2E:: Teckoe*, O. M. 
Perry and J. E. B. Phelps* (tie), H. 
R. Hatcher, T. R. C. Flint; N. Mac- 
Nichol, J. W. Peart, A. E. Ditchburn, 
P. B. Yates,.W. E. Wallace, F. D. 
Hubbell, C. A. Veigel, V. A. McKillop, 
PeawW ee oradt. o. Watt,-E. V. Buch- 
anan, C. R. Southern, W. D. Stalker, 
W. Gleiser. 

GEORGIAN Bay DistTricT: R. §. 
King*, W. M. Salter*, H. S. N. Demf, 
H. Campbell. 

CENTRAL DISTRICT: O. H. Scott, G. 
Beso hreve...K. lL: Dobbin*,..H.: L. 
Pringle, P. D. Denyes, C. A. Walters. 

EASTERN DISTRICT: W. P. J. Der- 
ham*, R. J. Smith*, A. L. Farquhar- 
son. 

NORTHERN 
tions. 


DISTRICT: No nomina- 


By the end of November all opposi- 
tion to C. E. Brown of Meaford as 
president has ‘been withdrawn as also 
that to the present secretary, making 
these two offices filled by acclamation. 
Other withdrawals are V. A. McKillop 
of London from the office of vice- 
president; O. H. Scott of Belleville 
from director from the membership 
at large; J. E. Teckoe of Niagara 
Falls from district director, Niagara 
district; W. M. Salter of Barrie from 
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district director, Georgian Bay dis- 
trict and R. L. Dobbin of Peterbor- 
ough from district director, Central 
district. 

SO 


Circus Advertising—1880 


Fergus people saw an electric light 
for the first time in 1880, just 60 
vears ago. It was an arc light ex- 
hibited at one of the small circuses 
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which used to visit the locality in 
those days. Power was supplied by a 
portable steam boiler and a 30 horse- 
power steam engine driving a dynamo, 
supplying the are light with direct 
current. According to the advertis- 
ing “Its Planetory, Constellated Con- 
flagration of Effulgence and Heaven- 
born Splendor Exceeds the Full 
Power of 240,000 Gas Lights.”— 
Fergus News-Record. 


5 Ad 5S AS A 


O.M.E.A.—A.M.E.U. CONVENTION 


At the Royal York Hotel, Toronto 
February 4th and 5th, 1941 


DETAILS OF CONVENTION PROGRAMS WILL BE ANNOUNCED LATER 
Reduced Rates for Railway Transportation 


The Associations have arranged for reduced railway fares for delegates 
attending the convention of fare and one-third plus twenty-five cents where the 
regular return fare i§ greater than seventy-five cents. 

Delegates coming to the convention by railway should purchase one-way tickets 
for himself and for each person accompanying him, and obtain from the ticket 
agent an identification certificate form for each ticket purchased. He should bring 
all lidentification certificates with him to the convention to be certified by the 
Associations. 

If seventy-five or more certificates are certified, he will then have his certifi- 
cates validated by the Canadian Passenger Association for which there is a fee of 
twenty-five cents. 

Holders of validated certificates can then purchase their return tickets for 
one-third the regular one-way rate. 

Going tickets and certificates will be issued January 30th to February 5th, 
1941. 

Properly validated certificates will be honored for tickets for the return journey 
up to and including February 8th, 1941. 

Delegates purchasing return tickets for seventy-five cents or less should also 
obtain certificates to be turned in on arrival: No validation fee is required for 
these, but they are included in the total certificate count. 

The Associations have delegated S. R. A. Clement to certify the certificates. 
He will be at the Royal York Hotel on the evening of Monday, February 3rd, 
and all day on February 4th and 5th. 

The Special Agent to validate the certificates will be present on February 4th 
and 5th. 
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Major J. A. Gordon White, 


DS:0;9)EC; 


AJOR James Alexander Ontario, passed away in Toronto 
Gordon White, D.S.0., General Hospital on the morning of 
M.C., of the Property Sunday, November 24th, 1940, aged 
Department of The 52 years. 

Hydro-Electric Power Commission of Gordon was born at Woodstock, 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discus- 
sion of “Hydro” matters and to main- 
tain the co-operative spirit between 
municipalities, as well as between 
municipalities and the Commission. 
Articles of interest are invited for 
publication. 


Ontario, where he received his early 
education. He then attended McGill 
University in Montreal, and gradu- 
ated in 1912 in mining engineering. 
Following graduation he entered the 
employ of the Mond Nickel Company 
at Sudbury where he stayed for one 
year, then going to the Robert Graco 
Contracting Company. In June, 
1914, he came to The Hydro-Electric 
Power Commission of Ontario as one 
of the Hydraulic Department’s staff. 


Canadian Mounted Rifles, and was 
there promoted to a captaincy. He 
reverted to lieutenant to go to 
France. Overseas, the squadron 
with which he went became a divi- 
sional cavalry squadron, later part 
of the Canadian Corps Cavalry. In 
June, 1917, Lieutenant White was 
awarded the Military Cross for gal- 
lantry, his investiture taking place 
at Buckingham Palace. Before the 
armistice in 1918, he became staff 
captain, and later brigade major. 
Major White’s D.S.O. was for ser- 
vices as major of headquarters of the 
2nd Engineer Brigade. 

Before leaving England, he took 
post-graduate work at Caius College, 
Cambridge. Mr. White again took 
up his civil duties in May, 1919, re- 
turning to the Commission’s Hydrau- 
lic Department. In 1927 he was 
transferred to the Transmission Sec- 
tion of the Electrical Engineering 
Department, and in 1986 to the Prop- 
erty Department as a Right of Way 
agent. 

Upon his return to Canada, and 
While getting settled down in civil 
life, Major White began to take an 
active interest in the welfare of the 
returned soldier, and particularly of 
those members of the Hydro staff 
who had served in the active theatres 
of the war. Out of his efforts came 
the formation of the Ontario Hydro 
Branch of the Canadian Legion 
B.E.S.L., of which he was the first 
president. Through his efforts and 
encouragement this branch of the 
Legion ranks as one of the outstand- 
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ing branches in the Dominion of was medically disqualified. He, 


Canada. 

He was a member of the royal 
guard of honour at the unveiling of 
the Vimy Memorial in France, and on 
the occasion of the visit of their 
Majesties last year was in command 
of a section of the veterans at Exhi- 
bition Park, Toronto. 

After the outbreak of the present 
war he volunteered for service, but 


BZ 


Say 


therefore, went to hospital for the 
sole purpose of getting the condition 
rectified, but unfortunately did not 
recover. 

His funeral was held in Toronto, 
when a large body of members of the 
Hydro Branch of the Legion with 
their colours paid their tribute. A 
bugler sounded the “Last Post” and 
“Réveillé’’. 


BE 


Dismantling of the 28,000 H. P. 
‘Turbines at Chats Falls 


By R. O. Standing, Assistant Superintendent, Chats Falls Generating 
Station, H.E.P.C. of Ontario 


N MOST hydro electric units the 
chief object of maintenance 
concern is the turbine runner. 
Generally speaking, no runner 

has yet been built to indefinitely 
withstand the attacks of cavitation 
and the Chats Falls runners are no 
exception. In many cases it is high- 
ly desirable, and even necessary, to 
remove the runner in order to pro- 
vide the required accessibility for 
first-class welding. The problem 
here was not so much one of runner 
rehabilitation by the welding process, 
with which the Hydro mechanical 
staffs have had extensive experience, 
but rather, how to remove the runner 
from its operating position in the 
turbine. 

There appear to be two methods 
by which the runner could be re- 
moved. Either it could be detached 
from its shaft and withdrawn 
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through the draft tube or it could be 
withdrawn in the ordinary way, fol- 
lowing a complete dismantling of the 
generator and turbine. The first 
method was abandoned, after careful 
investigation, because (a) the opera- 
tion would be quite difficult and in- 
volve much handling, (b) it would 
be very desirable to dismantle the 
whole unit for general inspection and 
checking of alignment and (c) dis- 
mantling fixtures might have, in any 
event, to be provided at a later date, 
for reasons other than runner re- 
pairs; for example for guide vane 
replacement. The second method, 
before adoption, had to be extensively 
studied, because the turbine head 
cover (Fig. 2) was too large in dia- 
meter to pass through the generator 
stator (Fig. 1) and therefore either 
the generator stator would have first 
to be removed or the head cover 
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Fig. 1—Ferris-wheel spider connected 
for lifting 84 ton stator. Eighteen 
rods are used. 
would require to be split into its 
original three parts and these would 
then be withdrawn through the sta- 

tor. 

At first it appeared impracticable 
to move the stator, a large and rela- 
tively flexible ring of 26 ft. in dia- 
meter, weighing 84 tons, made up of 
welded plate sections and therefore 
much less rigid than the old type 
cast stator frames, without distortion 
or damage to the armature winding. 

Consideration was then given to 
the splitting of the head cover into 
its three original 
bolting at the joints. 
nuts, after tightening, had been spot 
welded to the bolts and this, together 
with the generally hazardous nature 
of removing the separate parts, did 


sections by un- 
However, all 


Fig. 2—Lifting head with eight rods 
connected to 50 ton, water wheel 
cover, and weight distributing struc- 


ture for temporary storage. 


not appear to be a satisfactory pro- 
cedure. 

Further study of the problem of 
removing the stator finally resulted 
in the decision to remove it and, then 
in turn, the head cover complete, and 
the runner, using the specially de- 
signed fittings described in this ar- 
ticle and without which the dismant- 
ling in the manner decided upon 
could scarcely have been accomp- 
lished. 


THE FIXTURES IN GENERAL 

In large part, the design of the fix- 
tures centered around the economy 
of making use of material on hand 
which had been left over from orig- 
inal installation or which had been 
salvaged. In particular, we mention 
18 lifting rods about ten feet long, 
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Fig. 8—Lifting head with nine rods 

and yokes lifting upper bracket with 

Kingsbury assembly weighing about 
50 tons. 


2% inches diameter and capable of 
fine adjustment in length by virtue 
of differential sleeve nuts; also a 
quantity of used 12-inch and smaller 
channels, a variety of angles and 
some suitaiole beams. Fabrication 
was carried out entirely by the local 
staff and, principally, by arc weld- 
ing. In all, some eight special fix- 
tures were built. 


EIGHTEEN-ARM, 90-TON LIFTING HEAD, 
FIG. 3 

The capacity of the big hook of 
the crane is 90 tons and the lifting 
head actually is capable of lifting 
much more than this amount with a 
good factor of safety. The main 
portion of the head is constructed of 
electrically welded 14% in. and 2% 
in. plates and special eye-bolts made 
from 344 in. dia. 1020 forging bars. 
The bolts pass through the lower 
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plate and are tapped (2% in. dia.) 
into the upper plate. Lightly welded 
beads around the bolts at top and 
bottom plates hold the assembly 
firm. Links two feet long from pairs 
of %4 in. by 5 in. mild steel bars are 
permanently attached to the eye bolts 
by. means of 1% in. dia. Atlas CM 
steel pins and provide a means of 
connection to either the extension 
lift rods shown in Fig. 1 or to the 
regular lift rods, Figs. 2 and 3. The 
extension lift rods are 1% in. square 
mild steel with special welded end 
attachments. 

The lifting head is extremely ver- 
satile. It is used with eighteen arms 
to lift the stator, with nine arms to 
lift the upper bracket, and with eight 
arms to lift the head cover. It car- 
ries a plumb bob suspended from its 
axis to make spotting over its load 
quite simple. 


FERRIS-WHEEL LIFTING SPIDER, Fic. 1 

In combination with lifting lugs 
specially welded to the stator, the 
spider provides for lifting the stator, 
which weighs 84 tons and is approxi- 
mately 26 ft. outside diameter, with- 
out producing in it any new stresses 
whatsoever. The hub of the spider 
consists of nine 6-inch channels, the 
rim of 12-inch channel and the 
spokes of 344-inch angles. Lugs on 
the rim are from 12-inch channel and 
carry the lifting arms and lifting 
links through a single pin connection 
in such a manner that when the load 
is lifted, the spider is supported and 
stressed through the pins exclu- 
sively. The lifting links are from 
pairs of 3g in. by 5 in. mild steel 
bars and carry 1%4 in. steel pins. 
These links (and for that matter the 
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ferris wheel) are required in order 
to provide clearance for the arma- 
ture coil ends and connecting rings. 
Fig. 1 shows the links connected to 
the lugs. 
UPPER BRACKET LIFTING YOKES, FIG. 3 
The upper bracket has nine arms 
and with Kingsbury assembly weighs 
about 50 tons. Lifting is accomp- 
lished by attaching yokes to the arms 
and connecting nine rods of the lift- 
ing head. Compare the difficulty of 
attaching four slings to a nine arm 
load with the simplicity and preci- 
sion of the method shown! The 
yokes are made from 1% in. mild 
steel rods and welded steel shapes. 


S-D) sae 


HEAD COVER SUPPORTS, Fic. 2 

The head cover, like the upper 
bracket, weighs about 50 tons. It is 
lifted by connecting the lifting head 
through eight arms to eye bolts 
specially located for the purpose. 
Temporary storage is effected by 
lowering the unit on to a weight 
distributing beam structure, and in 
the provision of a frame of adjust- 
able height to guard against over- 
turning. 

Thus, with the use of these special 
fixtures, we are able to dismantle - 
any of the generating units in the 
station, with a minimum of labour 
and a maximum of safety and speed. 


Be 


Fatigue Tests on Zinc-Coated 
Steel Wire 


By D. G. Watt, Assisting Testing Engineer, H.E.P.C. of Ontario 


(Continued from November 
DISCUSSION OF TEST RESULTS 
Several investigators have drawn 
attention to the detrimental effect of 
the hot-dip galvanizing process on the 
endurance limit of steel wire. In many 
of these researches, however, the com- 
parison has been made between the 
endurance limit of the galvanized wire 
and that of the same wire chemically 
stripped of its coating or machined 
and polished to a smooth steel sur- 
face.” * 
The injurious influence of the hot- 
galvanizing process on the fatigue 


°S. M. Shelton and W. H. Swanger, “Fatigue 
Properties of Steel Wire,” Research Paper 754, 
Nat. Bureau Standards (1935). 


properties of steel wire has been at- 
tributed both to surface notching 
caused by the etching action of the 
pickling solution and hot zinc on the 
wire surface and to the presence of 
the hard brittle zinc-iron alloy layers 
adjacent to the steel. Chemical strip- 
ping of the coated wire may remove 
the alloy layers, but it does not re- 
store the surface of the steel to the 
condition prior to galvanizing. Simi- 
larly, when the coated wires are ma- 
chined to the steel and polished, the 
surface condition is entirely changed 
and the endurance limit will probably 
exceed that of the wire before sub- 
jection to the coating process. A truer 
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Fig. 8.—Contour of parting line be- 
tween coating and steel. Un- 


etched. Mag. 100x. 
a—Coil No. A-7G1-125-283 


b— “ “  B-5G2-125-210 
el “ C-7E-104-201 


d— “ “ D-5E-104-260 
e— “ “ B-64'-104-223 
f—“ “  F-2E-104-264. 


measure of the effect of the hot- 
galvanizing process on the fatigue 
properties of wire than is given by 
either of the above methods is to 
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Fig. 9.—Hair cracks developed in hot- 
dip coatings after fatigue stress- 


ing. Htched. Mag. 100x. 

a—Coil No. B-5G2-125-210 as re- 
ceived. 

b—Coil No. B-5G2-125-210 tensile 
straightened. 

c—Coiu No. . B-5G2-125-210. ‘after 
fatigue stressing. 

d—Coil No. D-5E-104-259 after 


fatigue stressing. 


test the material before and after 
galvanizing as was done in this in- 
vestigation. 

The micrographs in Fig. 8 illustrat- 
ing the surface condition of the steel 
in the zinc-coated wires reveal the 
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irregularities or notches that have 
always been associated with the rela- 
tively low endurance limits of these 
materials. 


To investigate the influence of cyclic 
reversed stressing on the zinc coat- 
ings, microscopic examinations were 
made of longitudinal sections before 
and after subjection to 10,000,000 
cycles of reversed stress at the en- 
durance limit. The micrographs in 
Fig. 9 show that the hot-dip coatings 
during this treatment developed close- 
ly spaced hair cracks perpendicular to 
and terminating at the steel surface. 
Similar cracks could not be found in 
the electro-deposited coatings on speci- 
mens subjected to the same treatment. 
The absence of hair cracks in the elec- 
tro-galvanized coatings after reversed 
stressing and the consequent elimina- 
tion of a source of stress concentra- 
tion which was active in the hot-dip 
coatings, may help to explain the 
higher endurance ratios obtained on 
the wires coated by the former pro- 
cess. Closely spaced hair cracks, of 
the type referred to above, could not 
be detected in the coating on speci- 
mens straightened in a tension test- 
ing machine, an observation which 
precluded the possibility that these 
cracks were produced in the straight- 
ening process. | 


Microscopic examination of the sur- 
face of the hot-dip coated fatigue 
specimens, after test, revealed the 
presence of circumferential corruga- 
tions or stress lines near the mid-span 
where the highest reversed bending 
stresses prevailed. Near the free ends 
of the specimens, where the stresses 
were relatively low, the appearance 


THE BULLETIN 


THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO WINNT IIUIULUURUUtntitttth 


B-5AI-/25 -204 
© Sound Specimen 
A Seamed Specimen 


105 Io& 10! 1o& 


Cycles to Failure, log scale 


Section 
Mag. 50x 


Surface seam in wire specimen. 
Fig. 10.—Effect of surface flaw on 
fatigue test results. 


Surface 
Mag. 10x 


of the coated surface remained un- 
changed after test. 

Hot-dip galvanizing depressed the 
endurance limits of the 170,000 to 
190,000 p.s.l. grade lead-annealed 
wires by 21 to 28.4 per cent. The cor- 
responding reduction for the 220,000 
to 250,000 p.s.i. grade wire varied 
from 15.4 to 20.5 per cent. It might 
have been expected from the relative 
ductilities of the two materials that 
the endurance limits of the harder 
wires would have suffered the greater 
reduction in the galvanizing process. 
For the present the difference in the 
relative effect of the hot-dip coatings 
on the endurance limits of the two 
grades of wire remains unexplained. 

From results obtained by other in- 
vestigators in fatigue tests on steel 
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Unetched 


Etched 


Fig. 11. — Nonmetallic inclusion 
located at split fatigue fracture 
and a second fatigue crack in the 
process of development. Mag. 


50X. 


wire, it may be shown that an increase 
- in the tensile strength or carbon con- 
tent of the material is generally ac- 
companied by a decrease in.the endur- 
ance ratio.” ‘ The data presented here 
demonstrated that a similar relation- 
ship exists between the endurance 
limits of zinc-coated steel wires of 
various strengths, regardless of the 
method by which the coating is ap- 
plied. The effect of the tensile strength 
or the carbon content of the wire on 
the endurance ratio has been  par- 
tially attributed, by some authorities, 
to surface decarburization.* Traces of 
this condition were found in some of 
the sample groups but it was not com- 
mon to all of the wires tested. 

The utility of the fatigue test for 


6A. V. de Forest and L. W. Hopkins, ‘‘The Test- 
ing of Rope Wire and Wire Rope,’”’ Proceedings, 
nearer Testing Mats., Vol. 32, Part II, p. 398 
(19382,). 


TDiscussion by H. J. Godfrey of paper by C. P. 
Wampler and N. J. Alleman, “Fatigue Tests of 
Wire,” ASTM BULLETIN, No. 101, December, 1939, 
p. 18. 

8—. T. Gill and R. Goodacre, ‘‘Some Aspects of 
the Fatigue Properties of Patented Steel Wires,” 
Journal, Iron and Steel Inst., Vol. II, p. 293 
(1934). 
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detecting surface flaws on wire is illus- 
trated by the results obtained on the 
lead-annealed coil No. B-5A1-125-204. 
The test values, plotted in Fig. 10, fall 
into two groups. Through one of 
these an S-N curve was drawn which 
agreed closely with those obtained on 
three coils of wire of a corresponding 
grade and diameter and drawn from 
the same melt of steel. The second 
group roughly defined a curve located 
considerably below the aforementioned 
one, all of the points on which indi- 
cated failure at less than 2,600,000 
cycles of reversed stress. Subsequent 
examination of the specimens revealed 
that all of those which gave low and 
erratic values in the test contained 
one or more longitudinal surface seams 
similar to that illustrated in Fig. 10. 
The specimens which defined the nor- 
mal fatigue curve showed no evi- 
dence of this condition. Visual exami- 
nation of the coil from which the 
above specimens were obtained re- 
vealed that surface seams occurred in- 
termittently along a considerable por- 
tion of its length. 


A few of the fatigue specimens 
broke with a split type of fracture. 
Microscopic study of these fractures 
invariably revealed the presence of 
elongated nonmetallic inclusion lo- 
cated near the shoulder of the break. 
A micrograph illustrating the condi- 
tion in the vicinity of such a fracture 
is shown in Fig. 11. In this particu- 
lar specimen a fatigue crack, in the 
process of development, was detected 
about 14 in. from the point where 
failure occurred. 

Although the twist and bend test 
results could not be directly correlated 
with the endurance limits of the wires, 
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the tests proved useful in that they 
furnished a convenient method of as- 
sessing the uniformity of material and 
detecting brittleness therein. The 
twist test results appeared to be 
strongly influenced by the surface 
condition and ductility of the outer 
fibres of the wire. Hot-galvanizing, 
in general, depressed the twists and 
bends to failure obtained on the lead- 
annealed wire, the effect being more 
marked in the wires in group B than 
in the harder wires in group A. 

Special attention was directed to 
the type of fractures obtained in the 
twist and bend tests. Poor fractures 
of a split type generally occurred in 
specimens containing non-metallic in- 
clusions. 

SUMMARY 

The more significant points de- 
duced from the test data presented in 
this paper include the following: 

1. Within the limits of tensile 
strength investigated, namely, 110,000 
to 256,000 p.s.i., the endurance limits 
of the zinc-coated wires increased with 
the tensile strength while the endur- 
ance ratio diminished. 

2. Hot-dip galvanizing depressed 
the endurance limit of the lead-anneal- 
ed wire 15.4 to 28.4 per cent, depend- 
ing to some extent on the grade. 

3. No perceptible difference was ob- 
served between the endurance limits 
of the wire hot-galvanized with four 
and three and one half dip coatings. 

4. Reduction by drawing, within 


the range of wire sizes investigated, 
increased the endurance limits of the 
wires in both the lead-annealed and 
zinc-coated conditions. 

5. Steel wires coated by electrolytic 
processes showed, in all three grades, 
somewhat higher endurance ratios 
than were obtained on wires coated by 
hot-dip methods. 

6. Hot-dip coatings developed, under 
reversed stressing, closely spaced hair 
cracks perpendicular to and terminat- 
ing at the surface of the steel. In the 
electro-deposited coatings no evidence 
of such cracks could be found after 
similar treatment. 

7. Lack of uniformity in the test 
results and the abnormal fractures 
obtained on defective wires, contain- 
ing surface seams or nonmetallic in- 
clusions, demonstrated the utility of 
the fatigue test for detecting faulty 
materials. 

8. Although no definite correlation 
could be observed between the bend 
and twist test results and the endur- 
ance limits of the wire, these tests 
proved useful in assessing the uni- 
formity of the wire and detecting 
brittleness therein. 
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How ’M I Doin’ ? 


By Dr. Morris S. Viteies, Philadelphia Electric Company 


NE of the fundamental dis- 
tinctions in human conduct 
is that between “knowing” 
and_..‘doing.”: Although 

knowledge is basic to correct per- 
formance, knowledge of how to do a 
task is in itself no guarantee that 
the task will be well done. Because 
of this, job training, as valuable as 
it may be, is in itself no panacea for 
insuring satisfactory and safe per- 
formance on the job. Trained men, 
who know how to do the job, still 
require stimulation and leadership to 
encourage the transformation of 
knowledge about the job into effec- 
tive and safe practices on the job. 

The self-audit plan described in 
this paper, used in connection with 
the Job-at-Hand Training Program 
of the Philadelphia Electric Com- 
pany, represents a promising method 
for helping to convert knowledge into 
action. The fundamental idea be- 
hind this plan is that even the man 
who knows how to do the job, and 


who is eager to do it well, frequently 


slips into careless or neglectful ways 
of doing the job without becoming 
aware of the change in working 
habits which has taken place. The 
functions of the self-audit plan are 
to direct the man’s attention towards 
his own work; to encourage thhim to 
review his own working practices 
and to correct any faults which he 
discovers in them through the use 
of self-audit check sheets. 

The viewpoint underlying this ap- 
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proach can be illustrated by refer- 
ence to what happens to driving 
habits. Every man, when he first 
learns to drive a car, makes a solemn 
oath that he will do everything pos- 
sible to drive it safely. He therefore 
starts by carefully signalling other 
drivers before making a stop; by re- 
fraining from passing other cars on 
the crest of a hill, and otherwise ad- 
hering to safe driving practices. 

Slowly, with the passage of time, 
a change occurs in the driver’s oper- 
ating habits. He starts taking the 
inside lane at corners which seem 
safe; to pass cars close to the top of 
a hill, and so on. These changes 
take place so slowly that the driver 
is unaware of the fact that he is 
casting off fundamental cautions in 
driving. 

One day, the driver barely avoids 
an accident in cutting a corner or 
passing a car at the crest of a hill. 
As a result, he suddenly becomes 
acutely conscious of the fact that 
he has been taking chances for many 
days. Having become aware of this, 
and still shaken by the near-accident, 
he again returns to this earlier and 
safer driving habits. 

Everyone will recognize that this 
is a fair description of what happens 
to many drivers. There is good rea- 
son to believe that a periodic check 
of driving practices by the man who 
operates a car can do much to pre- 
vent him from unconsciously slipping 
into faulty and dangerous operating 
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habits responsible for serious as well 
as near-accidents. 


What has been said of driving also 
applies to working practices on the 
joo. Having been taught and having 
practiced the correct methods of 
work, the employee does not con- 
sciously and willingly undertake to 
use other than correct and safe meth- 
ods of work. It seems reasonable 
to believe that a man who, through 
the use of a self-audit check sheet, 
systematically and conscientiously 
reviews his working methods, and 
discovers a tendency to shortcut or 
neglect efficient and safe practices, 
will be more than willing to return 
to the better methods of work. 


The general character of the self- 
audit program is illustrated in that 
used by the Appliance Service Divi- 
sion. This calls for the distribution, 
once a month, for each of three 
months, of a self-audit check sheet 
with questions covering automobile 
operation, customer contacts, dis- 
patching procedures, conduct on cus- 
tomer premises, and other work prac- 
tices. These monthly self-audit check 
sheets will be followed, at the end of 
six months, by a general self-audit 
check sheet reviewing all of the 
practices covered in the three sheets 
issued at monthly intervals. The 
general purposes of the self-audit 
program are described in a covering 
letter, sent to each employee with 
the first of the self-audit check sheets 
by the general superintendent of the 
Appliance Service Division. In this, 
the letter emphasizes the self-correc- 
tive and confidential nature of the 
self-audit check sheet: 

“The attached check sheet,” writes 


the general superintendent, ‘‘can be 
used by you to determine whether 
you are ‘slipping’ on any detail of 
your job, thereby giving you an op- 
portunity to correct anything in your 
operating habits which is in need of 
correction. 


“This self-audit sheet is intended 
for your own information and for 
your own use only. You will not be 
requested to show it to any of your 
associates or superior and it need 
not be discussed with them. You 
may destroy this sheet when it has 
served your purpose. All that we 
ask is that you try it and that you 
play fair with yourself as you con- 
sider each of the items included in 
the questionnaire.” 

Extensive use is being made of 
self-audit procedures by the Station 
Operating Division, Transportation 
Division, Stores Division and, in vari- 
ous units of the Gas Operations De- 
partment of the Philadelphia Elec- 
tric Company. In addition to its 
use in specialized job situations, the 
self-audit program has been extend- 
ed to cover approximately 2,500 em- 
ployees operating company cars, or 
authorized to operate their own cars 
on company business. 

One of the chief advantages of the 
self-audit technique is that it is ap- 
plicable to practically every kind of 
work operation and on almost every 
kind of job. For example, in the 
self-audit program developed for the 
Appliance Service Division practices 
covered by check sheets include those 
used in handling customers as well 
as those of the manual type. In 
earlier training program, the self- 
audit plan has been employed in help- 
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. Do I make sure that vehicles jacked up for repairs have proper 
support? 


. Do. I use goggles whenever necessary? 


. Do I check hammer handles to make sure that the head is sufficiently 
tight before using? 


. Do I select the proper and safe tool for each job? 


. In using the chain hoist, do I make sure that the hook is heavy enough 
for lifting the load safely? 


. Do I safeguard against both fire and personal injury when using. 


torches ? 


. Do I take care in lifting heavy material so as to avoid strain or 
injury? 


. In using the chain hoist, do I make sure that the hook is securely 
fastened? 


. In changing large tires do I make sure that the tire is properly 
seated in the bead? 


. Do I refrain from leaving tools around where they can be tripped 
> 
over! 


. In using the chain hoist, do I center the hoist over the load? 


. In changing large tires of the lock ring type, do I make sure that 
the lock rings are properly installed ? 


. Do I replace tools where they belong after they have been used? 


4. In using the drill press, do I always carefully clamp the material to 


the table of the drill press? 


. In using the drill press do I make sure to select the proper speed for 
the operation to be performed ? 


A typical self-audit check sheet (reverse side). 
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ing receptionists and customers ser- 
vice employees to review their habits 
with respect to the maintenance of 
good appearance as well as with re- 
spect to procedures used in handling 
customers. Not only is the self- 
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audit program applicable to a large 
variety of work activities; it has the 
additional merit of being inexpen- 
sive to operate. 

It is apparent that all the self- 
audit program does is to encourage 
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each man to ask himself the question 
“HOW ’M I DOIN’?” and to urge 
him to answer this question in an 
honest and straight-forward manner. 
Because the check sheets are not col- 
lected, there is no way of knowing 
(a) what percentage of the workers 
do as they are asked to do; (b) 
whether they make an honest attempt 
to answer the questions truthfully, 
and (c) whether they act upon the 
questions after they have been an- 
swered. 


In spite of this, there seems merit 
in using the self-audit plan, pri- 
marily because it is based upon fun- 
damentally sound assumptions: 


(1) The first of these is that every 
normal man likes to know how he is 
doing. The popularity of “Informa- 
tion, Please,’ and similar radio pro- 
grams attest to this fact. There is 
reason to believe that people listen 
to this program not primarily to 
learn something new, but to check 
their information against that of the 
“experts”. The greatest satisfaction 
in listening to such a program comes 
not from picking up a new fact, but 
from being able to answer a question 
which “stumps” the expert. It is 
believed that this curiosity concern- 
ing oneself will apply to a quiz con- 
cerning one’s job as well as to a 
radio program, and will lead the em- 
ployee to answer a few simple ques- 
tions concerning his working habits 
with a view of finding out how he 
actually stands with respect to his 
working practices. 

(2) The second assumption is that 
having discovered faults in their 
working practices, men will make an 


honest effort to correct them. Un- 
derlying this assumption is the be- 
lief that men are fundamentally in- 
terested in doing a good job—that 
one can safely place dependence in 
the worker’s desire to do a good job 
aS a positive force for efficient and 
safe work. The self-audit procedure 
is designed to give each man the in- 
formation he needs as a basis for 
correcting faults in his working prac- 
tices. 


(3) The third assumption is that 
the man who knows that he is doing 
well will attempt to do even better. 
Experiments in the _ psychological 
laboratory merely confirm what the 
skilled foreman in industry already 
knows, that knowledge by the man 
of results obtained during work tends 
to improve performance on the job. 
From the self-audit check sheet the 
man on the job obtains that informa- 
tion about his own performance 
which, in itself, constitutes an incen- 
tive to better performance. In ad- 
dition, this self-knowledge furnishes 
a stimulus for the exercise of crea- 
tive effort in finding even new and 
better ways of doing the job safely 
and well. 

Such are the assumptions underly- 
ing this self-audit program. Devices 
for stimulating workers to efficient 
and safe performance on the job in- 
clude procedures ranging from cajol- 
ery to threats; from an emphasis 
upon fear of discharge to promise 
of promotion; from suspension to the 
award of pleasure trips; and so on. 
Among them are the negative proce- 
dures which surround the worker 
with a wall of discouragement and 
those which provide positive encour- 
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agement to the man at work to par- only by the positive urge. The self- 


ticipate with others in doing a job 
well. The experience of practical 
foremen and supervisors has clearly 
shown that although effort can be 
induced for a time by both negative 
and positive influences, long-con- 
tinued effort, such as is called for in 
modern industry, can be kept at a 
high level of efficiency and safety 


audit plan has the distinct advantage 
of furnishing such positive stimula- 
tion to good performance. It tends 
to place responsibility for such per- 
formance where it belongs—on the 
man at work, and to encourage ac- 
tive effort on his part to live up to 
‘this responsibility—£Hdison Electric 
Institute Bulletin. . 


C.E.S.A. Standard Specification 
for Paper Insulated, Lead 
Covered Cable 


By C. E. Schwenger, Engineer of Distribution, Toronto Hydro- 
Electric System and Chairman, C.E.S.A. Committee 


on Insulated 


HE Canadian Engineering 
Standards Association has is- 
sued a specification for paper 
insulated, lead covered cables 
for all operating voltages up to 
25,000. This specification is known 
as C.68.A., issued in November, 1940, 
and has been prepared to insure the 
manufacture of high quality paper 
insulated, lead covered cables suit- 
able for operation at the standard- 
ized rated voltages shown in the 
specification. It is intended to cover 
all sizes and classes of impregnated 
paper insulated, lead covered cables, 
which are to be used for the trans- 
mission and distribution of electrical 
energy under average conditions. 
This specification is the result of 
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meetings of a Committee representa- 
tive of all parts of the Dominion, 
which was formed in 1931 following 
requests from cable users for a Cana- 
dian Standard covering lead covered 
calbles. At the time the Committee 
started its work, a large number of 
specifications were in use in Canada, 
differing widely from one another in 
many respects. It was felt that no 
complete Canadian standard could be 
evolved by averaging out the various 
specifications, nor was it possible or 
desirable to prepare specifications 
entirely independent of specifications 
then being used in other countries. 
The Committee, therefore, studied 
specifications of the then existing 
standards associations, such as the 
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British Standards Institution, Insul- 
ated Paper Cable Engineers Associa- 
tion, Association of Edison Illuminat- 
ing Companies and others, and pro- 
duced a tentative specification in 
March, 1932. 


As the result of the study of these 
specifications and the_ tentative 
C.E.S.A. Specification, several meet- 
ings of the Committee were held. The 
draft went through several revisions 
culminating in its present form, 
C.68.A., adopted in 1940. 


The present specification in its 
tentative form was used by several 
Canadian manufacturers of lead 
covered cables for several years be- 
fore its final adoption in 1940, and 
many users have, therefore, in ser- 


vice cables built on this specification, 
with satisfactory results. 


It is felt that the use of this speci- 
fication will accomplish the purpose 
for which it was originally intended, 
namely, the clearing up of much mis- 
understanding in the calling of ten- 
ders for cable and at the same time 
effecting considerable economy.” 


Copies of the C.E.S.A. Specification 
for Paper Insulated, Lead Covered 
Cable are available at a price of 
$1.00 each, and may be obtained from 
the Canadian Engineering Standards 
Association, 3010 National Research 
Building, Ottawa, Col. W. R. Me- 
Caffrey, Secretary. 


Generator room, Chats Falls development. 
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It Has Happened Before 


HE resourcefulness of patrol- 

men in emergent conditions 

was well exemplified re- 

cently. Power service, like 
the show, must go on in the Lake 
Nipigon-Geraldton mining region, as 
elsewhere. 


Due to rock slides and other con- 
tributory damages, a pole carrying 
a 44,000 volt line, serving important 
mining loads and pumps, failed. This 


Approaches for repairs and replace- 

ments, by patrolmen, of poles damaged 

and removed from the 44,000-volt line, 

also abandoned broken pole 75 feet 

lower are recognized. Location is near 

Canadian National Railway right-of- 
way, Orient Bay. 
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Live tree, top and limbs removed, 
temporarily carrying 44,000-volt 
services—a quick repair job— 
near lake Nipigon. 


pole was on a rock escarpment some 
two hundred feet high, where access 
was difficult. Emergently, the patrol- 
man, in clearing a new route higher 
up the cliff trimmed up a suitable 
standing live tree, placed the cross- 
arms and other head works on it, 
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guyed it, and restored the conductors 
in quick time. 

The photographs show the line 
with temporary repairs.—A.E.D. 


SS 


Two New Superinten- 
dents 
Gravenhurst and Huntsville, two 
municipalities in the Muskoka divi- 
sion of the Georgian Bay system have 


iS od 


a 


SD 


recently appointed new superintend- 
ents. James Page, formerly of the 
Orillia Water, Light and Power 
Commission has been given the posi- 
tion in Gravenhurst replacing Don 
Longhurst who met with a fatal acci- 
dent last summer. Morris Soden of 
the Public Utilities Commission of 
Midland received the appointment in 
Huntsville replacing George Ralston 
who has retired. 


SO 


Convention Programmes 


HE Annual Meeting of the 
Ontario Municipal Electric 
Association and the Winter 
Convention. of the Associa- 
tion of Municipal Electrical Utilities 
will be held at the Royal York Hotel, 
Toronto, on Tuesday and Wednesday, 
February 4th and 5th, 1941. The 
programmes of the two associations 
in so far as arrangements have been 
completed are outlined in the follow- 
ing. There will be two joint sessions 
of the two associations, namely, on 
the afternoon of each day; each 4as- 
sociation will hold separate meetings 
in the mornings. They will follow 
the general practice of meeting to- 
gether for the convention luncheons 
and dinner, the luncheon on Wed- 
nesday, February 5th, being attended 
by the Electric Club of Toronto as 
guests of the two associations. 


Accident Prevention 
Meeting 


On the evening preceding the con- 
vention, Monday, February 3rd, 


there will be a dinner meeting at the 
Royal York Hotel, beginning at 6.00 
o’clock, of the Electrical Employers 
Association of Ontario. There will 
be a number of short addresses on 
the work of Accident Prevention, and 
also a general Round Table Confer- 
ence. Officers of the Electrical Em- 
ployers Association and also its 
Managing Committee will be elected 
at this meeting. 


“ 
wv 


O.M.E.A. 


The programme of the Annual 
Meeting of the Ontario Municipal 
Electric Association, and also those 
sessions that will be held jointly with 
the Association of Municipal Electri- 
cal Utilities will be as given below. 
MONDAY, FEBRUARY 3RD 

Evening at 6.30 o’clock. 

Executive Committee dinner, fol- 
lowed by Executive Committee 
Meeting. 
TUESDAY, FEBRUARY 4TH 
Morning. 
9.00 o’clock, Registration. 
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10.00 o’clock, ‘Convention Ses- 
sion. 

Minutes. 

President’s address. 

Secretary’s and Executives’ Re- 
port. 

Treasurers’ Report. 
Resolutions. 


Afternoon. 


12.30 o’clock, Convention Lun- 
cheon held jointly with the 
A.M.E.U. Address, by Grattan 
O’Leary, Ottawa. 

2.00 o’clock, Convention Session 
held jointly with the A.M.E.U. 
Showing of the Hydro Sound 
Film ‘The Bright Path”. 
Address, ‘““Review of Hydro Op- 
erations for 1940 and Forecast 
fore Lua, Soy Din. 1s Si Hoge 
Chairman, The Hydro-Electric 
Power Commission of Ontario. 
Discussion. 


Evening. 


6.30 o’clock, Convention Dinner 
held jointly with the A.M.E.U. 
Address. 

Musical entertainment. 


WEDNESDAY, FEBRUARY 5TH 
Morning. 


9.30 o’clock, Convention Session. 
Reports of Committees: 
Credentials. 
Resolutions. 
Finance. 
Convention. 
Report of Election of District 
Directors. 
Election of Officers. 
Unfinished Business. 
New Business. 
General Discussion. 
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Afternoon. 
12.30 o’clock, Convention Lun- 
cheon held jointly with the 
A.M.E.U. to which the Electric 
Club of Toronto has been in- 
vited. 
Address, “Merchant Shipping in 
War Time”, by William Baird, 
Steamship Passenger’ Traffic 
Manager, Canadian Pacific Rail- 
way, Montreal, Quebec. 
2.30 o’clock, Convention Session 
held jointly with A.M.E.U. 
Paper, “Utility Transportation 
Equipment”, by H. D. Rothwell, 
Assistant Engineer, Municipal 
Engineering Department, and 
Chairman of the Truck Commit- 
tee, The Hydro-Electric Power 
Commission of Ontario. 
Discussion. 
Executive Committee Meeting. 
The new Executive Committee 
will meet immediately following 
the close of the afternoon ses- 
Sion. | 


* * * * 


A.M.E.U. 


The programme of the Association 
of Municipal Electrical Utilities will 
follow the order outlined below. For 
such parts as are held jointly with 
the Ontario Municipal Electric Asso- 
ciation, the reader is referred to the 
O.M.E.A. programme outlined above. 


TUESDAY, FEBRUARY 4TH 
Morning. 
Registration. 
10.30 o’clock, Convention Session 
President’s address. 
Auditors’ Report. 
Reports of Committees. 
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Afternoon. 
12.30 o’clock, Convention Lun- 
cheon with O.M.E.A., see 


O.M.E.A. program. 


2.00 o’clock, Convention Session. 
Election of Officers for 1941. 


Joint Session with O.M.E.A., see 
O.M.E.A. programme. 


Evening. 
6.30 o’clock, Convention Dinner 
with O.M.E.A., see O.M.E.A. 
_ programme. 


WEDNESDAY, FEBRUARY 5TH 
Morning. 

8.30 o’clock, Breakfast Meeting 
and discussion conducted by the 
Committee on Accounting and 
Office Administration. 
9.30 o’clock, Convention Session. 
Paper, “Power Arcover Dam- 
ages, Overhead Line Conduc- 
tors” by G. A. Matthews, Inspec- 
tion and Equipment Engineer, 
Electrical System, Detroit Edi- 
son Company, Detroit, Michigan. 
Discussion. 
Paper, “The Fluorescent Lamp, 
Its Auxiliary Equipment and 
Characteristics” by G. F. Mud- 
gett, Manager Illumination Dept. 
Canadian Westinghouse Co. Ltd., 
Hamilton, Ont. 
Discussion. 


Afternoon. 
12.30 o’clock, Convention Lun- 
cheon with O.M.E.A. and the 
Electric Club of Toronto, see 
O.M.E.A. program. 
2.30 o’clock, Convention Session 
with O.M.E.A., see O.M.E.A. 
program. 


A.M.E.U. Elections 


The elections of officers for the 
year 1941 will be on Tuesday, Febru- 
ary 4th. Delegates will obtain their 
ballots when registering or before 
the opening of the convention session 
on the afternoon of that day. Imme- 
diately after that session opens, the 
ballot will be closed and the scru- 
tineers will make their report before 
the session adjourns. The ballots 
will show the following as candi- 
dates: 


PRESIDENT: 
C. E Brown, Meaford, Acclamation. 


VICE-PRESIDENT: 
V. A. McKillop, London, Acclama- 
tion. 
SECRETARY : 
S. R. A. Clement, H.E.P.C. of On- 
tario, Toronto, Acclamation. 
TREASURER: 
F. A. Archer, H.E.P.C. of Ontario, 
Toronto. 
G. E. Conn, H.E.P.C. of Ontario, To- 
ronto. 


DIRECTORS (From the Membership at 
Large, Three to be elected) : 
S. W. Canniff, Ottawa. 
W.R. Catton, Brantford. 
G. E. Chase, Bowmanville. 
O. M. Perry, Windsor. 
QO. C. Thal Kitchener. 
P. B. Yates, St. Catharines. 


DISTRICT DIRECTORS: 

Niagara District— 
J. EB. B: PhélpszSarnia: 
R. 8S. Reynolds, Chatham. 

Georgian Bay District— 
H. Campbell, Wingham. 
H. S. N. Denef, Hanover 
R. S. King, Midland. 
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Central District— 
P. C. Denyes, Campbellford. 
C. A. Walters, Napanee. 
Eastern District— 
W. P. J. Derham, Arnprior. 
Rad aomith. berth, 
Northern District— 
To be elected. 


% % 


se. . 
+“ x“ 


Reduced Railway Fares 


The associations have arranged for 
reduced railway fares for delegates 
and their families attending the con- 
vention of fare and one-third, plus 
twenty-five cents. Delegates travel- 
ling by railway will purchase one-way 
tickets to Toronto and obtain from 
the ticket agent an identification cer- 
tificate for each ticket purchased. On 
arriving at the convention, the dele- 
gates will have the certificates certi- 
fied and validated when there is a 
fee of twenty-five cents per certificate 
validated. Holders of validated certi- 
ficates can then purchase’ return 
tickets at one-third the one-way rate. 
At least seventy-five certificates must 


PE 


be certified before any will be vali- 
dated. The reduced fares apply only 
where the going fare is seventy-five 
cents or more (note error in notice 
in November Bulletin). Where the 
going fare is less than seventy-five 
cents, delegates should obtain identifi- 
cation certificates with their return 
tickets at the regular rate. These cer- 
tificates should be turned in to be 
certified at the convention, as they 
will be counted in the total, but will 
not require validation fee. 


Going tickets will be sold from Janu- 
ary 30th to February 5th, and vali- 
dated certificates will be honoured for 
the return journey up to and including 
February 8th. More complete details 
will be given the delegates with their 
convention notices. 


% % % % 


Hotel Rates 


The Royal York Hotel is giving the 
same convention rates as formerly, 
viz., $3.50 per person, single and $3.00 
per person if two in a room. 


GE GE 
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The Role of Science in the 
Electrical Industry 


By M.W. Smith, Vice-President in Charge of Engineering, Westinghouse 
Electric and Manufacturing Company, Pittsburg, Pa. 


HE story of the electrical in- 

dustry is one of growth in 

giant, breath-taking strides 

and great technical advances. 
Turbine-generator units have pro- 
gressed to the stage where ratings of 
100,000 kv-a. at 3,600 r.p.m. and 300,- 
000 kv-a. at 1,800 r.p.m. can now be 
built. Hydraulic generators, the size 
of which may ultimately be limited 
by manufacturing facilities because 
of their large diameters, have ex- 
ceeded 100,000-kw. rating. Efficien- 
cies of some of the large hydrogen- 
cooled turbine generators, syn- 
chronous condensers, and frequency 
changers have approached 99 per 
cent in individual units. Transform- 
ers have increased to present-day 
ratings of over 150,000 kv-a. per 
bank, and efficiencies of well over 99 
per cent have been realized. Circuit 
breakers are capable of interrupting 
several million kilovolt-amperes — 
equal to that of the short-circuit ca- 
pacity of some of the large inter- 
connected systems. Lightning arrest- 
ers are available with sufficient 
capacity to handle a direct lightning 
stroke of over 100,000 amperes and 
yet limit the voltage to safe values. 
Behind this growth, the rate of 
which has shown no diminution since 
the birth of the industry, lies a sig- 
nificant, important fact. The industry 
has consistently accepted and adapt- 


ed to its own use the new ideas and 
developments of science. In fact the 
industry has fostered and encour- 
aged fundamental research to the 
point that the research laboratory 
has become an integral part of the 
industry itself. It also recognizes 
the value and importance of the 
scientific accomplishments of the 
universities and other research insti- 
tutions, and maintains a close con- 
tact with their work. 


EFFICIENT USE OF SCIENCE PRESENTS 
MANY PROBLEMS 

The task of the industry is not only 
to uncover new principles and make 
new discoveries, but also to deter- 
mine which ones can be put to prac- 
tical, profitable use, and how. It is 
difficult to recognize the potential 
value of new discoveries and to de- 
termine at an early stage the pos- 
sibilities of applying them to indus- 
trial processes and products. 


The Problem of Timing 

The rate of application of new 
ideas is not dependent solely upon 
the time necessary to conceive and 
develop them. It is also influenced 
by the time required for public ac- 
ceptance. Household refrigeration, 
the basic principle of which is very 
old, required a relatively long time 
for both instrumentalities and public 
acceptance. 
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During the first two decades of 
radio the efforts of radio engineers 
were directed toward developing 
methods by which radio could be used 
as a means of private communication. 
It remained for a new idea, the op- 
posite of this notion, to allow radio to 
assume its present stature. Public 
acceptance of radio broadcasting was 
almost instantaneous. 

The course of carrier current also 
supports this point. In the middle 
20’s carrier current came into suc- 
cessful use for communication along 
transmission lines. Then came a 
quiet period of several years in its 
development, followed about 1935 by 
an intensified activity which shows 
no signs of any immediate slacken- 
ing. The need for high-speed relay- 
ing of long lines, the development of 
better tubes, and other changes in 
the industry spurred engineers to 
adapt the fundamentals of carrier 
current to relaying and supervision 
as well as communication. 

Spot welding has been a practical, 
though limited, industrial tool for 
many years. However, some six or 
eight years ago, the idea was con- 
ceived of using the ignitron to con- 
trol exactly the duration of the weld- 
ing current. Since that time, spot 
welding has grown enormously both 
in total use and in diversity of ap- 
plications. The ignitron, incidentally, 
was originally developed not with 
welding in mind but to increase the 
reliability of mercury-are rectifiers. 
The Problem of Obsolescence 

The industrial laboratory poses the 
inexorable problem of obsolescence. 
Fortunately the leaders of the elec- 
trical industry have taken the far- 
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sighted view that, in order to make 
sound progress, the seeming ruth- 
lessness of obsolescence must be 
accepted. 

The discovery of a new fact in 
science may completely upset an ex- 
isting design. Even though the style 
or performance of a product may not 
be greatly modified, the practice of 
the art or process by which it is pro- 
duced may be radically changed. 
With the steep rise of welding not 
long ago, in a few short years the 
method of constructing most large 
machines swung from casting to 
welded fabrication. Neither the ap- 
pearance nor the performance of the 
machines was fundamentally altered 
by this change; the principal motive 
is economy of time and of construc- 
tion cost. 

It behooves all managements to 
keep themselves keenly alive to the 
necessity of meeting changes result- 
ing from progress. Of all competi- 
tion, there is none quite so ruthless 
as that which replaces. 

Editor’s Note: 

(At this point the author outlines 
how in the early stages of radio 
broadcasting, several plants grew up 
for making of radio head sets which 
business was practically ruined by 
the loud speaker; how the heavy pro- 
duction in batteries was curtailed by 
the development of  plate-battery 
eliminators; the development of the 
copper-oxide rectifier, and later the 
development of the a.c. tube com- 
pletely changed the design of radio 
receivers. He then shows how the 
resurrection of some of the older 
ideas has resulted in the popular 
battery-operated portable set which 
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has created a new market. He also 
traces the effect on industry due to 
changes in lighting through the kero- 
sene lamp, the gas mantle, the elec- 
tric lamp to the gas discharge and 
fluorescent units.) 

It is still too soon to predict to 
what extent they will become the 
universal illuminants, but there is 
more than a hint that illuminant evo- 
lution is not at an end. No one in 
the industry thinks for a minute that 
the more efficient light sources pre- 
sage a decrease in the requirements 
for energy or equipment. On the 
contrary, as in the past, this im- 
provement should promote further 
expansion. 

INDUSTRY FINDS MANY BENEFITS 

FROM ORGANIZED RESEARCH 

The industrial laboratory has serv- 
ed the march of electrical progress 
in many ways. Not the least of these 
is that it has served to bring the 
scientist, the design engineer, and 
the application engineer into closer 
contact. They now talk the same 
language and use the same tools. 
Universities are giving more atten- 
tion to the training of industrial 
scientists, and, within the last few 
years, important meetings have been 
devoted to discussions of the applica- 
tion of physics to industry. 

The co-operation of university and 
industrial scientific effort has also 
contributed much to the progress of 
development by bringing scientists of 
different training closer together on 
specific problems. For instance, 
much of the recent progress in the 
improvement of insulation for elec- 
trical apparatus has resulted from 
the combined efforts of physicists, 


chemists, and electrical engineers 

working harmoniously in close-knit 

groups. 

Joint Research Between Manufac- 
turer and Supplier 

Another co-ordinating function of 
the industrial laboratory is the co- 
operative work between electrical 
manufacturers and the suppliers of 
raw materials. As a result greatly 
improved materials have been devel- 
oped. These ‘in turn enable the elec- 
trical manufacturer to build more 
reliable and more efficient apparatus, 
which can be extended into new and 
larger fields of application. 
Industrial Research Shortens Time 

Between Discovery and Use 

Another important accomplish- 
ment of the industrial laboratory has 
been to effect a marked reduction in 
the time between the discovery of a 
new idea and its commercial applica- 
tion. 

Even today, however, special atten- 
tion must be given to this phase of 
the problem: After the research work 
has been completed and the theory or 
principle of operation has been ver- 
ified, there still remains the decision 
as to the commercial possibilities of 
the new device or product. Usually 
sufficient information is not available 
at this stage on which to base an 
intelligent decision. Information as 
to probable costs (including equip- 
ment investment), processes, produc- 
tion methods, market analyses, and 
distribution methods must be obtain- 
ed before a decision to manufacture 
and sell can be made. This requires 
that the new product be carried 
through some preliminary stage of 
development, where a study of these 
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factors is made. Usually this takes 
the form of some kind of pilot-plant 
activity under the direction of a 
special experimental or development 
group that has the responsibility of 
carrying new products through this 
incubation stage following the com- 
pletion of research work. This form 
of development is particularly con- 
spicuous in the chemical industry. 
Patent System Stimulates New De- 

velopments 

Our patent system has had a stim- 
ulating influence on industrial re- 
search and developments in the elec- 
trical industry that should not be 
overlooked. It costs money to develop 
and exploit inventions. The protec- 
tion afforded by patents provides an 
incentive to develop new _ things 
under conditions such that they may 
be exploited long enough to become 
established. Quite often a strong 
urge toward a particular develop- 
ment seems to become manifest and 
inventive effort starts simultaneously 
in many places. This seeming chaos 
that theorists would like to control 
from some central throne eventually 
turns into true co-operative effort 
through the practical necessity for 
cross-licensing of patents before a 
useful product can be obtained. Tele- 
vision is a present-day example. 
Patents themselves are published and 
the protection afforded does away 
with the necessity for secrecy. The 
new progress that has been made im- 
pinges upon other minds, thereby 
starting new chains of ideas that re- 
sult in co-ordinated group effort lead- 
ing to rapid progress. 

Without the protection provided by 
patents, capital would be reluctant 
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to venture into new fields. Industrial 
research would become secretive, and 
because of the resulting lack of co- 
operation and co-ordinated group 
effort, our progress in technical ac- 
complishments and standards of liv- 
ing would be seriously retarded. 


ELECTRICAL INDUSTRY DRAWS FROM 
ALL BASIC SCIENCES 

Contributions to the development 
and progress of the electrical indus- 
try have come from practically every 
branch of the basic sciences. This 
is not surprising when we consider 
the large variety of materials used 
in the manufacture of electrical 
equipment. 


Metallurgy 

Improvement in electrical appar- 
atus is largely dependent on the im- 
provement made in the properties of 
the materials used. This applies to 
both physical and chemical proper- 
ties of various kinds. The limitations 
in physical properties of materials 
are most likely to be encountered in 
high-speed rotating machinery such 
as steam turbines, where centrifugal 
and steam forces are likely to be 
large under conditions of high tem- 
perature, which in turn tends to 
lower permissible stress limits. 

Research work done in _ recent 
years by both electrical and steel 
manufacturers to determine and im- 
prove the fatigue, creep, corrosion, 
and other physical properties of 
various alloy steels used in highly 
stressed machines has resulted in 
such marked advances in design that 
output ratings have been more than 
doubled at the highest operating 
speeds in less than five years. 
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The electrical industry has also 
called on the metallurgist for new 
and improved magnetic steels and 
alloys. Magnetic steel, particularly 
electrical sheet steel, has been a sub- 
ject of continued research by both 
electrical and steel manufacturers. 
This has involved studies of molecu- 
lar and grain structures as well as of 
chemical compositions and purity. 
This work has resulted in a steady 
decrease in iron losses in the cores 
of transformers and machines of 
such magnitude that they have been 
reduced by more than half in the last 
20 years, with a saving to the indus- 
try of millions of dollars annually. 

Until recently, the improvement in 
electrical sheet steel was confined 
largely to iron losses. Practically 
no improvement in permeability had 
been accomplished. As a result of 
recent research and development we 
now have a magnetic steel that has 
not only lower iron loss but also 
much better permeability. 

New alloys are sometimes discov- 
ered and developed as by-products of 
other research work. In the electrical 
industry, the need for new alloys 
with special characteristics often 
arises in connection with new elec- 
trical developments. It is, therefore, 
often necessary to develop special 
alloys to meet limitations encounter- 
ed in electrical developments, par- 
ticularly when the volume required 
is too small to be attractive to alloy 
manufacturers. For example, a re- 
cently developed alloy containing 
only a few per cent iron, is stronger 
at 1,100 degrees Fahrenheit than any 
low-carbon steel at room tempera- 
ture. It creeps very little. It sur- 


vives a 6,000-hour creep test at 1,000 
degrees Fahrenheit that causes cast 
carbon-molybdenum steel to fail and 
high-strength nickel-chromium steel 
to creep 100 times as much. 
Chemistry 

The application of chemistry ‘to 
the electrical industry has been al- 
most unlimited. Chemists have been 
called on principally to produce new 
and improved insulating materials, 
compounds, varnishes, oils, _ ete. 
There have been many other develop- 
ments, however. For example, a fire- 
proof chlorinated compound has been 
developed to replace transformer oil 
in applications where fire hazards 
exist. 
Physics 

The foundation of the electrical 
industry is supported to a large 
extent on the laws of physics. Some 
of the most important scientific dis- 
coveries: and applications therefore 
have come from this field. The dis- 
covery of electro-magnetism, the 
electron, and the X ray are outstand- 
ing examples. From researches on 
the mechanics of the ion came the 
principle of circuit interruption by 
deionization that has been applied to 
a whole family of interrupting de- 
vices from the giant circuit breakers 
that handle millions of kilovolt- 
amperes down to the new practical 
circuit breakers for the homes that 
are little larger than a wall switch. 
In the field of electronics, numerous 
electrical developments of far-reach- 
ing importance have been based on 
these and similar discoveries. 
Mathematics 

Probably no other industry rests 
on such a precise mathematical basis 
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as the electrical industry. From its 
very beginning its every step in the 
design, construction, and operation 
of electrical apparatus has been 
guided by computation. In fact, the 
electrical engineer has invented sev- 
eral mathematical tools to serve his 
purposes, such as the complex quan- 
tity and symmetrical components. He 
has even placed his mathematics on 
a mechanical basis, such as that 
amazing creation, the calculating 
board. 

Pure mathematical concepts have 
given birth to many electrical de- 
vices. Particularly has this been 
true of relays for the protection of 
transmission lines and _ terminal 
equipment. 

AS To THE FUTURE 

We know so little about nature’s 
basic underlying principles that it is 
incredible that anyone should think 
that our knowledge of natural laws 


is anything but exceedingly small 


when compared with the vast amount 
that is listed in the unknown column. 
This alone should be encouraging, 
for if we can accomplish all that we 
have with such a poor understanding, 
it is reasonable to expect vastly 
better results as we obtain more basic 
knowledge. . 

While our human limitations may 
prevent us from seeing very far into 
the future, present developments 
give us some idea of future trends 
and in what fields expansions are 
likely to occur. 

Editor’s Note: 

(The author here refers to applica- 
tions that have been made which 
point to further advancements that 
we may expect. ‘These include the 
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use of electricity for heat treatments, 
in air conditioning, in high frequency 
applications, in the field of electron- 
ics, in the home and on the farm. 
From the advances accomplished in 
lightning control, he has reason to 
believe that lightning will eventually 
be eliminated as a hazard to power 
continuity. ) 

Present researches in nuclear 
physics in many institutions may re- 
sult in obtaining information that 
will be just as extensive in its in- 
fluence on the development in the 
electrical industry as was the dis- 
covery of the electron. The produc- 
tion of radio-active substances, 
through the disintegration of the 
atom may provide a very useful tool. 
Naturally, one thinks of using these 
radiations instead of the X ray for 
radiography or for radium iin the 
treatment of disease. While they no 
doubt will be used to some extent for 
such purposes, the possibility of 
using these radiations as a means of 
studying certain atomic reactions 
and structures may be even more 
useful. For instance, by the use of 
electrical detection methods, it ap- 
pears feasible to follow the migra- 
tion of radio-active atoms through a 
metal during heat-treating processes. 
Similarly, it is possible to trace the 
movement of radio-active substances 
through a plant or the human body 
and thus learn more about how and 
where these substances are assimi- 
lated. In contrast to radium, most 
of these artificial radio-active sub- 
stances shave such a short life that 
no permanent harm is done to the 
human system. 

The present methods of generating 
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electric power are so well established 
that we are inclined to accept them 
as permanent. Gradual improvements 
in present methods have reduced the 
amount of coal used per kilowatt- 
hour to approximately one-fourth 
that required 20 years ago. While 
this indicative of 
real progress in steam power gen- 
eration, it is still small when com- 


improvement is 


pared with the theoretically possible 


energy that could be gotten from a 
highly efficient method of energy 
conversion. 

With an increasing knowledge of 
fundamental properties of matter 
and a better understanding of the 
conduction of electricity in gases, 
recent calculations and experimental 
work ‘indicate that it may be possible 
to use the electromagnetic properties 
of the rapidly moving ionized pro- 
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ducts of combustion of certain fuels 
in conjunction with some suitable 
electrical transforming device as a 
means of generating electric energy. 
A practical development of this idea, 
which at least appears to be a pos- 
sibility at the present time, would 
result in the use of static electrical 
devices extracting power from the 
kinetic energy of the gases of com- 
bustion without the intervention of 
rotating electrical machinery. 

Although these and many other 
prospective developments that might 
be mentioned are indefinite and dif- 
ficult to evaluate, we can look for- 
ward with the expectation that the 
electrical industry will continue to 
grow under the stimulation and im- 
petus of new scientific discoveries 
and advances.—Electrical Engineer- 
img. 


McVittie generating station, Sudbury District. 
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Power From Uranium 


N the August issue we reprinted 
-a Short article, ‘‘U-235”, de- 


scriptive of the isolation of one. 


of the isotopes of uranium, a 
material from which it may be pos- 
sible to take “several million times 
the energy to be obtained from burn- 
ing an equal weight of coal’. Later 
we find in Magazine Digest a record 
of further progress that has been 
made in the study, written by Roy 
Davis, “Uranium—Fuel of the Fu- 
ture’, from which we quote. 


Toward the end of May Profes- 
sor Wilhelm Krasny-Erger of the 
Wenner-Graens Institute of Stock- 
holm, Sweden, informed the eager 
scientific world that he had suc- 
ceeded in devising a relatively 
simple and inexpensive apparatus 
by means of which production of 
U-235 could be speeded up 11,000 
times. By using his method it is 
now possible to produce one pound 
of Uranium-285 in four days or 
less, depending on the size of the 
plant. 


Professor Erger’s apparatus is 
amazingly simple. It consists of 
two tubes ten meters long, one 
having an outer diameter of four 
centimeters and set within the 
other. The two tubes are separat- 
ed by a porcelain wall and the 
method used is described as the 
thermal-diffusion method of Clasi- 
us’ and Dickel or Brewer and 
Bramley. 

Since the thermal-diffusion meth- 
od works better with gases, Pro- 
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fessor Erger sought a volatile com- 

pound of Uranium and found it in 

Uranium Fluoride—UF.. 

The outer tube, separated from 
the inner by a distance of 1.34 
millimeters, is kept at a tempera- 
ture of 60 degrees Centigrade, one 
degree above the freezing point of 
uranium fluoride. The temperature 
of the inner tube is 393 degrees 
Centigrade. With five grams of 
uranium fluoride placed in the 
outer tube, the time for the ex- 
traction of U-235 ig set at 80 days. 
During this period of time the 
concentration of the metal is in- 
creased by 6.7 times. 

But even with the apparatus de- 
signed by Professor Erger a single 
extractor needs 397,205 days or 
1,088 years and 86 days to extract 
one pound of pure U-285. How- 
ever, 1,000 such units require but 
397 days; 10,000 units only 39.7 
days; 100,000 units only 3.97 days. 
The apparatus can be produced for 
about $100 per unit. A plant of 
100,000 extractors will thus cost 
only $10,000,000. 

As to the extent to which we may 
expect to find U-235 produced and 
used for power generation and its 
effect on the present means of power 
generation, Mr. Davis makes the fol- 
lowing statement. 

The question arises whether 
there is enough uranium available 
in the earth’s core to supply the 
energy needs of mankind for any 
length of time. Here we must 
differ from a number of publica- 
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tions which wrote during the past 
two months that uranium is found 
dispersed throughout the world. 
Actually, commercially profitable 
sources of uranium are not wide- 
spread (“Encyclopaedia Britan- 
nica”) and generally consists of 
rare minerals. 

Moreover, uranium is always 
found in combination with other 
metals and minerals. Radium and 
helium are invariably present. 
Pitchblende, also called uraninite, 
greatest source of the metal, also 
contains silica, thoria, rare earths, 
lead, iron, calcium, manganese, 
magnesium, bismuth, etc. Indeed 
pitchblende contains from 75 to 
85 per cent. of U.O; from which 
the metal in pure form may be 
obtained. The richest known de- 
posits of pitchblende are found in 
Canada at Great Bear Lake in the 
Northwest Territories. The next 
most abundant source is at Katan- 
ga in the Belgian Congo. Carno- 
tite, found in Colorado and Utah, 
contains only 3 per cent. of urani- 
um oxide. Other uranium-bearing 
minerals such as gummite, urano- 
sphaerite torbenite, uranite, etc. 
are found in Saxony, Cornwall, 
Russia, Sweden, Norway, South 
Australia and Portugal. The most 
important European deposits are 
at St. Joachimsthal, Czechoslo- 
vakia. Since the Katanga deposits 
contain only from 25 to 36 per 
cent. uranium oxide, Canada and 
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particularly the Great Bear Lake 
area appears to be destined to be- 
come the future center of the 
world’s supply of the new energy. 

Although definite information 
on the world production of urani- 
um is lacking, each firm jealously 
guarding its own figures, the yearly 
total is estimated at nearly 2,000,- 
000 pounds of U:0s, of which 85 
per cent. or 1,700,000 lbs. is pure 
uranium. Since the ratio of U-235 
to ordinary uranium is as one to 
139, the world production of the 
1,700,000 pounds of the pure metal 
contains the total of 12,230 lbs. of 
U-235 or the equivalent of energy 
contained in 61,150,000,000 Ibs., 
or 380,575,000 tons of anthracite. 
Were all the presently-available 
uranium converted to the extrac- 
tion of U-235, the total energy- 
result would still remain below 
two-thirds of the yearly anthracite 
production in the. United States. 
To substitute the yearly total of 
coal used in the United States, 
156,000 pounds of pure U-235 
would be needed for the extraction 
of which 24,684,000 pounds of pure 
uranium would be necessary. This 
would amount to fifteen-fold the 
present world production of the 
metal. However, it is expected that 
U-235 will be mainly utilized in 
engines requiring high sources of 
energy with little weight, such as 
in airplanes, steamships, trains 
and submarines. 
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Most Active Year in Hydro 
History 


By Dr. T. H. Hogg, Chairman and Chief Engineer, The Hydro- 
Electric Power Commission of Ontario 


HE past year’s work of The 
Hydro-Electric Power Com- 
mission of Ontario has, of 
course, been dominated in 
every department by the necessity for 
co-ordinating activities to the war 
effort of Ontario and of the Dominion. 

The beginning of the fiscal year, in 
November, 1939, found the Commis- 
sion in a favourable position with re- 
spect to power supplies, and the pro- 
mise then made that Hydro could, 
during 1940, meet a greatly increased 
demand for for industries 
manufacturing munitions and war 
supplies has been satisfactorily kept 
without undue difficulty. 

Meanwhile the successful resistance 
offered to the enemy by Britain fol- 
lowing the collapse of France has 
given Canada time to adjust its war 
programme and greatly accelerate the 
pace of its war preparations. For the 
war industries additional power in 
large amounts has been required and 


power 


JANUARY, 1941 


utilized, and this increased industrial 
activity directly associated with the 
war has stimulated increased demands 
for power for commercial, domestic 
and rural service. During the past 
year all of these extra demands were 
satisfactorily met and attention was 
directed to the best means of ensuring 
ample supplies of power for the 
future. 

Canada’s ability to contribute to the ~ 
Empire’s cause should greatly exceed 
that of any other nation with an 
equal population. This is due to its 
great natural resources and to the 


up-to-date character of its equipment 


for making the most speedy and ef- 
fective use of these resources. 
Perhaps the most important item of 
Canada’s modern equipment is its low- 
cost hydro-electric power—available 
in ample supplies in practically all 
provinces. It is, for example, of im- 
mense importance tto Canada’s war 
effort that in the areas where its in- 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discus- 
sion of “Hydro” matters and to main- 
tain the co-operative smrit between 
municipalities, as well as between 
municipalities and the Commission. 
Articles of interest are invited for 
publication, 


dustrial plants are most thickly estab- 
lished—Ontario, Quebec, and to a 
lesser degree in British Columbia and 
Manitoba—there have been developed 
large hydro-electric power resources, 
and that electric power is distributed 
to industries at prices that encourage 
its generous use. 

One of the ways in which the de- 
veloped water powers of Canada are 
being put to use in connection with 
war activities is in the production of 
non-ferrous metals and other min- 


hydro-electric power are used in min- 
ing and refining copper and nickel as 
well as in the production of gold. 
Other minerals being produced in use- 
ful quantities in Canada for war pur- 
poses include asbestos, mica and mag- 
nesite in Quebec, and platinum. cobalt 
and mica in Ontario. 

Increased demand for power for 
war industries is inevitably accom- 


panied by an increased tempo in near- 


ly all activities. It is therefore true, 
as has been pointed out, that Canada 
cannot play the full part that is being 
assigned to her and that she is will- 
ingly accepting, unless there can be 
made available large additional quan- 
tities of power. If these are to be 
provided from waterpower develop- 
ments, plans must be made well in 
advance. 


Continuous attention is therefore. 
being paid by the Commission to the 
problem of ensuring that the power 
resources of Ontario shall be ample to 
service all war demands. During the 
past year, to meet the growing de- 
mands for power, the Commission 
advanced the date of taking 20,000 
horsepower from the Maclaren-Quebec 
Power Company from November 1st 
to July. Other possibilities of in- 
creasing its power supplies have and 
are being examined. 
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OGOKI RIVER AND LONG LAKE 
DIVERSIONS 

One of the most important actions 
taken during the past year for in- 
creasing Ontario’s power supplies was 
the arrangement made for diverting 
water from the upper reaches of the 
Ogoki and Kenogami rivers to lake 
Superior — projects known as _ the 
Ogoki and Long Lake diversions. The 
value of these diversions at the present 
time rests directly upon the co-opera- 
tion extended by the United States to 
the Dominion of Canada. The friend- 
ly co-operation of our neighbours to 
the south has resulted in an under- 
standing whereby Canada is enabled 
to utilize immediately for the increase 
of power output at Niagara for war 
purposes an additional flow of water 
equivalent to that which will be added 
to the Great Lakes when the diversion 
works are completed, Canada under- 
taking to put in hand at once the 
construction of the necessary dams, 
channels, etc., for the Ogoki diversion 
and to divert to lake Superior imme- 
diately the 1,000 cubic feet of water 
per second from Long lake, for which 
the physical works have already been 
completed. 


Under the stimulation of war activi- 
ties, not only does increased industrial 
activity produce an increased demand 
for additional horsepower at certain 
times of the day, but it also increases 
the continuous demand for electric 
energy at all times. For both pur- 
poses the ability to put to use an ad- 
ditional water flow of 5,000 cubic feet 
per second through the power plants 
on the Niagara river is of special and 
immediate value. 
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ST. LAWRENCE RIVER PROJECT 

Although the diversions into the 
Great Lakes from Northern Ontario 
have been dealt with on the basis of 
a friendly understanding with the 
United States, they have, of course, a 
bearing upon the much larger con- 
siderations relating to the improve- 
ment of the St. Lawrence river for 
navigation and for power. This sub- 
ject is again prominently before the 
people of eastern Canada and in con- 
nection with future power resources 
of Ontario is of basic importance. 
The St. Lawrence river improvement 
is undoubtedly an enterprise that will 
profoundly influence the growth and 
progress, not only of Ontario and 
Quebec, but of the whole of Canada. 
As a project it is now linked up with 
the steps being taken jointly by the 
United States and Canada for the de- 
fence of the Americas. It is evident 
that changing world conditions must 
profoundly modify many of the views 
previously held respecting this great 
undertaking. During the past year 
certain investigations and studies re- 
lating to power development on the 
international section of the river were 
carried on by the Commission. 


IMPROVED EQUIPMENT 

Before the war started the Com- 
mission planned and in part carried 
out a general strengthening of its 
transmission lines and distribution 
networks. These improvements en- 
able the Commission to transfer 
power with greater facility from one 
part of the province to another; the 
Commission also constructed one ad- 
ditional power development at Ragged 
Rapids to serve the Georgian Bay 
system. Since the war started fur- 
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ther and continuous improvements 
have been made to the transmission 
networks and at the present time two 
additional power developments are 
under construction. 
GROWTH IN LOAD 

The upward trend in load which 
featured the closing months of the 
Commission’s fiscal year of 1939 con- 
tinued throughout the whole of the 
fiscal year which ended October 31st, 
1940. For eleven months up to Sep- 
tember the average increase in 
monthly peak load was about 14 per 
cent, or slightly more than 200,000 
horsepower. In October the 
parison with a year ago was affected 
by the extension of Daylight Saving 
Time in many municipalities. It is 
not possible to evaiuate with exact- 
ness the effect of this extension of 
Daylight Saving Time, however the 
load in October 1940 did not continue 
the same peak load increases. In 
October 1939 the primary load of all 
systems combined was_ 1,669,337 
horsepower and rose to 1,783,962 
horsepower in October of the current 
year, an increase of 6.9 per cent, or 
approximately 115,000 horsepower. 
The reduction in peak demand above 
noted cannot be taken as representing 
the true saving attributable to the 
extension of Daylight Saving Time. 
Taking into consideration the various 
factors involved, it is estimated that 
the saving attributable to 


com- 


this cause 


will this winter be from 65,000 to 
85,000 horsepower. 
The greater portion of the year’s 


primary load increase was centred in 
the Niagara system which absorbed 
about 150,000 horsepower of the 
200,000 horsepower increase in load: 


TOTAL PRIMARY PEAK LOADS 
ALL SYSTEMS 
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and about one-third of the Niagara 
system primary load increase can be 
traced to war-time production in the 
electro - metallurgical electro- 
chemical industries along the Niagara 


and 


river. 

Substantial increases in load, in 
large part due to the production of 
war material, were also recorded in 
both the Georgian Bay and Eastern 
Ontario systems. The load of the 
Thunder Bay system, however, due to 
lighter demands by the grain eleva- 
tors, showed but little growth over 
the previous year. 


In Northern Ontario the phenom- 
enal load growth, which has been ex- 
perienced now for several years in 
connection with the mining fields, con- 
tinued its upward trend. The total 
primary load in the districts served 
by the Northern Ontario Properties 
rose from 168,000 to 202,000 horse- 
power, 
cent. 


an increase of some 20 per 


The total consumption of enengy in 
all systems for primary purposes was 
7,838,000,000 kilowatt-hours, being no 


VOL AAV TNO: 1 


THE BULLETIN S, 


WOU THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO. agus 


DISTRIBUTION OF PRIMARY POWER TO SYSTEMS 
20-Minute Peak in Horsepower—System Coincident Primary Peaks 


Load in Horsepower 


October October 

SYSTEM ee) 1940 
Niagara Systerm—25-Cy le o.nceccccccccccscsccsssccssssnessssessessssssvcee 1,171,582 1,237,802 
% ere Deb eee POIVISION 2:4 56,970 50.134 
Georvisnsayecysten a tyes | 34,756 42.217 
Eastern Ontario System cence ccc ceceest sensei 141,908 154,207 
PESIRUTIMHOE IA VS VS COM ee oho rccc infec secraces ieee” Siete 96,160 97,855 
Manitoulin rural power district eee | 273 330 

Northern Ontario Properties 

INUGIBS OCT INGLIICUT se a el TA 5,188 Sp VAl 
Sir Rye Ot ar ici are att 2 ght 19,740 17,208 
Oa eT OIMOUSLINC lea er TING ee oe vy Mees 130,968 164,879 
Batricia-ol. J OSCDIT CISiIICh = eaten eas ac 1792 14,209 
TNS) WIGS a nla 2 Ol sae te cy io ne ine 1,669,337 1,783,962 


less than 19 per cent in excess of the 1940. 


It involved the construction of 


corresponding consumption of energy 
in the previous year. This higher in- 
crease in energy as compared with 
the increase in peak demand reflects 
longer hours of use in war-time pro- 
duction. 

In addition to meeting all primary 
demands, the Commission utilized its 
reserve capacity to produce an addi- 
tional 1,849,000,000 kilowatt-hours for 
secondary power purposes during the 
year. 

ADDITIONS TO GENERATING, TRANS- 
MISSION AND DISTRIBUTION 
EQUIPMENT 

During the year the addition of unit 
No. 3 was completed at the Ear Falls 
development in the Patricia-St. Joseph 
district, and work was commenced on 
the Big Eddy development to serve the 
Georgian Bay system, and the Barrett 
Chute development to serve the East- 
ern Ontario system. 

The extension to the Ear Falls de- 
velopment was completed in June, 
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concrete pipe lines, powerhouse sub- 
structure, excavation of tailrace and 
the installation of hydraulic and elec-: 
trical equipment. The unit has a rated 
capacity of 7,500 horsepower, under a 
head of 36 feet. The total installed 
capacity of this development is now 
17,500 horsepower, comprising two 
5,000 horsepower units with fixed 
blade propeller turbines and one 7,500 
horsepower unit with adjustable blade 
turbine. 

The Big Eddy development on the 
Musquash river is situated about 
nine miles below Bala and four miles 
below the Ragged Rapids generating 
station which was brought into ser- 
vice in 1938. It will have a turbine 
capacity of 10,000 horsepower under a 
head of 36 feet and will contain two 
units. It is expected to come into 
operation in November, 1941. 

The Barrett Chute development, 
situated on the Madawaska river 
about five miles above Calabogie vil- 
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lage, will contain two units with a 
total rated capacity of 56,000 horse- 
power under a head of 154 feet. The 
Commission is ‘also constructing a 
storage dam at the outlet of Bark 
lake about 67 miles upstream from 
Barrett Chute. Both the development 
and the storage works are expected 
to be available for service in 1942. 

In July 1940 the new 110,000-volt 
single-circuit line on steel towers be- 
tween St. Thomas and Windsor was 
placed in service. This line, which 
has a capacity equal to the other two 
existing lines on double-circuit towers, 
has greatly improved operating condi- 
tions of the western section. 

In the eastern section of the pro- 
vince substantial progress was made 
on the construction of a new 220,000- 
volt line which, when completed, will 
extend from the eastern boundary of 
the province, the Quebec border, to a 
new transformer station being con- 
structed at Burlington. To date about 
150 miles of towers and footings have 
been erected and 75 miles of wires 
have been strung. The _ receiving 
transformer station is being designed 
for an ultimate capacity of 450,000 
kv-a. The initial installation will be 
two banks of three 25,000 kv-a. single- 
phase transformers, together with 
regulators, oil circuit-breakers and 
other equipment. Other activities in 
connection with the Niagara system 
include the completion of three large 
transformer stations at Toronto, Thor- 
old and near Simcoe. Another trans- 
former station is under construction 
at Hamilton and additional trans- 
former capacity has been installed at 
many other stations in the Niagara 
systems. 


In the Georgian Bay system a fre- 
quency-changer station was installed 
at Hanover as an additional tie for 
the exchange of power between the 
Niagara and Georgian Bay systems. 
In the Eastern Ontario system the 
capacity of the Ottawa transformer 
station was increased by the installa- 
tion of an additional bank of three 
5,000 kv-a. transformers. 


DISTRIBUTION AN IMPORTANT FACTOR 

The multiplicity of demands for in- 
creased supplies of electricity through- 
out the province sets in motion a 
cycle of events which is not com- 
pleted until the customers’ demands 
are actually satisfied. Not only must 
transmission lines and transformer 
stations be constructed for the whole- 
sale delivery of the power, but 
throughout the length and breadth of 
the land secondary transformer sta- 
tions must be built or enlarged and 
new distribution lines must be built, 
or existing lines be increased to 
greater capacity. Even the ‘nstalla- 
tion of equipment in the larger con- 
sumers’ receiving stations must be 
supervised. 

The consequence of this heavy de- 
mand for additional electric service 
during the past year has been an 
amount of engineering and adminis- 
trative work that is unprecendented 
in the Commission’s history. Many 
of the new distributing stations and 
additions to existing stations have 
been provided for the specific pur- 
pose of supplying power to industries 
engaged on war supplies. In this con- 
nection the aim of the Commission 
has been to anticipate, where possible, 
the demands for Hydro service for war 
purposes. 
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In the north country constructional 
activities have proportionately been 
even greater than in Southern On- 
tario. Over 43 miles of transmission 
circuits were erected for the Northern 
Ontario Properties; many improve- 
ments were made to distributing net- 
works, and additional capacity added 
to many transformer stations. 

In rural Ontario the construction 
of about 1,400 miles of rural primary 
line was authorized during the year 
to serve applications from some 10,000 
new rural customers. 


MUNICIPAL HYDRO UTILITIES 

The activities of the Commission 
reflect in large measure the electrical 
service requirements of the local 
Hydro and public utility commissions. 
During the past year reports from 
the co-operating municipalities show 
that load increases attributable to 
war activities have been widespread. 
Many of the larger demands from new 
chemical and metallurgical works, 
armament and steel plants have been 
served by the Commission as system 
customers and most of the air train- 
ing fields are served by the Commis- 
sion through its rural power district 
lines. But municipal Hydro utilities 
have given Hydro service to war in- 
dustries including air-craft and air- 
craft parts factories, and to other 
plants being extended or changed for 
the production of shells and ammuni- 
tion. 

In addition, the production of a 
large number of smaller factories has 
been stimulated by conditions arising 
out of the war. This general and 
widespread increase in municipal de- 
mands has necessitated revisions and 
extensions to the distribution net- 
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works-betterments which, it is hoped, 
will serve many new industries that 
may become permanently established 
in Ontario. 

SATISFACTORY FINANCIAL PROGRESS 

The full financial record of opera- 
tions of the past year is not yet 
available, but it may be stated, that 
notwithstanding the maintenance of 
low rates for Hydro service, there has 
been a satisfactory increase in reve- 
nue. Full customary reserves for re- 
newals and sinking fund have been 
provided and there will remain a sub- 
stantial balance to be set aside as 
reserves for contingencies and for 
stabilization of rates. Capital expen- 
ditures approximating eleven and one- 
half millions of dollars are somewhat 
above the normal increase, but on 
account of the exceptional demands for 
war purposes, many new transmission 
lines and stations have to be con- 
structed. 

RESEARCH WORK 

Since the last war an important con- 
tribution to the growth and progress 
of this Dominion as:a scientific and 
industrial state has been made by 
research workers. Fortunately Canada 
has been farsighted in supporting this 
fundamental aid to industrial progress. 

The Testing and Research Labora- 
tory of the Commission is giving 
valuable technical assistance to the 
Department of Munitions and Supply 
and to the United Kingdom Technical 
Commission in connection with electri- 
cal matters. 


REGULATIONS BY DOMINION POWER 
CONTROLLER 
While it is not anticipated that the 
necessity will arise in acute form, as 
it did in the last war, nevertheless 
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there are certain economies in con- 
sumption that can be effected if found 
necessary. Great care, however, must 
be exercised in determining when and 
how to impose such restrictions. It 
is quite possible to secure a saving 
of electricity at the cost of imposing 
other burdens which would diminish 
rather than increase Canada’s total 
war effort. 


In order to ensure that all available 
developed power resources shall be 
used to a maximum advantage in con- 
nection with Canada’s war effort, a 
Power Controller with wide powers 
has been appointed by the Dominion 
Government. The Hydro Commission 
is co-operating with this Dominion 
official and has, moreover, been given 
wide powers of a similar character 
under “The Power Control Act, 1939” 
of Ontario. 

It is not at present necessary to 
ration primary power for industrial 
purposes, nor indeed to restrict its 
use in any way. Now that this win- 
ter’s peak demand is past, it is un- 
likely that any necessity for rationing 
will arise until next winter, if then. 
In any case it is not a job that can be 
done by the individual; the man in the 
street cannot prescribe remedies for 
power shortage. Regulations will be 
made when and if it becomes neces- 
sary by the Power Controller, the 
Hydro Commission, or the local elec- 
tric utility, under the direction of 
these supervising authorities. 

Since the extension of Daylight Sav- 
ing Time in Ontario and Quebec by 
order of the Dominion Power Con- 
troller, there have been various sug- 
gestions made in the press that elec- 
tric power could be conserved by cut- 


ting off street and highway lighting 
and electric signs, and some people 
have gone to the length of trying to 
conserve electricity in their homes. 
Such efforts, while being commendable 
because they are sincere, are not very 
helpful. For the time being it is 
recommended that everybody should 
continue to use electricity as fully as 
needed until they receive advice from 
the Power Controller or from their 
local electric utility, otherwise they 
may interfere with their own war 
effort. 


EFFICIENT UTILIZATION OF HYDRO 
SERVICE 

The Commission’s programme of 
Sales Promotion was planned for the 
past year to meet the changed condi- 
tions imposed by the War. Due to 
Ontario’s position as the major indus- 
trial province of Canada, industrial 
and lighting requirements received 
chief attention, and stress was laid on 
assisting industry to use electrical 
energy in the most efficient manner. 
This service has been welcomed, and 
used to excellent advantage by many 


industrial organizations throughout 
the province. 
While increasing attention was 


given to this industrial work, domes- 
tic and rural problems were not over- 
looked. In the rural areas, in particu- 
lar, every effort was made to foster 
the use of electricity on the farm in 
ways that would enable the farmer to 
produce in greater volume at lower 
cost. 


STILL AMPLE SUPPLIES OF POWER 

There is now available in Canada 
more than four times the amount of 
elecirical power that was available 
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in 1918 at the close of the last war. 
Because the front line now runs 
through the factories, the importance 
of ample power supplies can hardly 
be over-estimated. This fact is of 
great significance, but it must be ap- 
preciated that great growth in the 
development and utilization of elec- 


now dominated by the enemy. It is 
a big task to reorganize our produc- 
tive capacity and to divert our ma- 
terial and mechanical resources into 
the channels of war production in an 
effective way. But so far as power 
production and supply is concerned, 
it is believed that Ontario, and Canada 


tric power has also taken place since generally, can move forward with 
the last war in European countries confidence. 
PO SFO SFO 


Commission War Savings Plan 


N co-operation with the Dominion 
Government in furthering the 
sale of War Savings Certificates, 
the Hydro-Electric Power Com- 

mission of Ontario has adopted the 
Payroll Deduction Plan to enable its 
employees to purchase them. The 
plan was introduced to each member 
of the staff by the following letter 
from the Chairman: 


To Hydro Employees: 

The ‘War Savings Committee at 
Ottawa, in an urgent appeal to all 
employees to increase the purchase 
of War Savings Certificates through 
the Payroll Deduction Plan, points 
out that more than $10,000,000 per 
month is required by sale of these 
certificates to meet the require- 
ments of your Government for war 
purposes. 


To maintain our active service 
forces, and provide the necessary 
training fields, munitions and 
equipment, one billion dollars per 
year is needed. Of this amount, 
only $150,000,000 need be raised by 
sale of War Savings Certificates, as 
compared with $850,000,000 to be 
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secured from other sources. At 
the moment, about $30,000,000 per 
year is secured by the sale of cer- 
tificates. Therefore, the urgency 
for increased support of this saving 
plan. 

Response to this appeal will avert 
the possibility of compulsory meas- 
ures. War Savings Certificates are 
the safest investment obtainable. 
For every $4 you invest, you will 
receive $5 in return. Furthermore, 
do not forget that this money will 
be repaid in Canada, and will be 
spent in Canada, to produce Cana- 
dian business and Canadian wages. 

The British Empire is engaged in 
a desperate struggle against a 
ruthless enemy. In enemy coun- 
tries, sacrifice is imposed by law, 
and in invaded countries, all of 
value has been seized. Our volun- 
tary sacrifice is essential, if we 
would avoid a similar fate. Our 
soldiers, sailors and airmen offer 
their lives to protect us, while we 
are asked to lend our savings. It is 
unthinkable that we, who are in 
comparative safety, should fail 
them. 
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The Commission is co-operating 
in this Payroll Deduction Plan. 
While the purchase of Certificates is 
in no way compulsory, nevertheless, 
it is our hope that every employee 
will consider it a duty of citizenship 
to co-operate. Bear in mind that 
you are not asked to give your 
money, but only to lend it to your 
country. 

Yours sincerely, 
(Sgd.) T. H. HOGG, 


The response to the request in Dr. 
Hogg’s letter has been most gratify- 
ing. The results so far indicate that 
the employees of the Commission will 
agree to monthly salary investments 
in War Savings Certificates which 
will amount to at least $25,000 per 
month. 

We understand that the employees 
of many of the local commissions are 
to adopt the same plan of monthly 
investments of part of monthly sal- 


Chairman. aries in War Savings Certificates. 
oa SB BB 


Sir Robert Hadfield, Bt., F.R.S. 


E HAVE to record with 

regret the death in Sep- 

tember, 1940, of Sir 

Robert Hadfield, the Chair- 
man and Managing Director of 
Messrs. Hadfields, Ltd., and a Vice- 
President of The British Electrical 
and Allied Manufacturers’ Association. 
He was 81 years of age. 

The firm of Hadfields, Ltd., first 
known under the name of Hadfields 
Steel Foundry Co., was founded in 
1872 by his father, Robert Hadfield, 
who died in 1888. Upon the death of 
the founder, the firm was formed into 
a limited company of which Sir 
Robert had been Chairman and Man- 
aging Director for twenty-nine years 
—a noteworthy record in industrial 
administration. 

Born in 1858, Robert Abbott Had- 
field was educated at the Sheffield 
Collegiate School, where he was suc- 
cessful in taking a number of prizes 
and scholarships. When only 20 


years of age he founded and inaugur- 
ated the chemical and physical labor- 
atories of his father’s works at At- 
tercliffe. Here began the eventful 
scientific life which was to make him 
world-famous as a metallurgist. 

In the course of his career Sir 
Robert received practically every 
medal of the first significance which 
can be awarded by the steel and 
metallurgical associations in Great 
Britain, America, and the Continent. 
He was the inventor of manganese 
steel, for the discovery of which the 
Institution of Civil Engineers con- 
ferred upon him the Telford Gold 
Medal in 1888. In 1899 he was 
elected Master Cutler of that ancient 
Cutlers’ Company of MHallamshire, 
Sheffield, dating from 1624, at the 
Feast of which he had as his chief 
guest the late Lord Lansdowne. In 
the same year the Institution of Civil 
Engineers presented him with the 
George Stephenson Gold Medal for 
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research in  nickel-iron alloys. In 
1902, a year of great advance in Shef- 
field, the Institution of Civil En- 
gineers bestowed upon him the How- 
ard Quinquennial Prize for scientific 
work in connection with new alloys of 
Steel. Former recipients of this prize 
were Sir Henry Bessemer and Sir 
William Siemens. 

In 1904 he was awarded the Bes- 
semer Gold Medal by the Iron and 
Steel Institute and the following year 
was elected President of that body. 
The visit of the Institute to Sheffield 
in the first year of his presidency was 
regarded by him as a marked incident 
in his life. He was knighted in 1908. 

Sir Robert became a Fellow of the 
Royal Society in 1909. In 1911 the 
University of Sheffield conferred the 
honorary degree of Doctor of Metal- 
lurgy upon him, and in the following 
year he received the honorary degree 
of Doctor of Science from the Univer- 
sity of Leeds. He was elected Presi- 
dent of the Faraday Society in 1914, 
and held the office in succeeding years 
with distinction until 1920. 

Sir Robert was created a baronet in 
1917. In 1925 he was made an 
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“Officer” of the Legion of Honour 
and Commander in 1937. He was 
elected a Member of the French 
Academy of Sciences in 1923, also an 
Honorary Member of the French 
Society of Industrial Chemistry. He 
also held the John Fritz Gold Medal, 
bestowed in 1921, the highest prize of 
the kind that America can offer. <A 
further distinction was the election of 
Sir Robert as Foreign Associate of 
the Washington National Academy of 
Sciences in 1928. The University of 
Oxford bestowed upon him the honor- 
ary degree of Doctor of Science, and 
the Council of the Institution of 
Mechanical Engineers elected him an 
Honorary Life Member. Sir Robert 
Hadfield had been a Vice-President of 


The British Electrical and Allied 
Manufacturers’ Association since 
1928. 


He has written some 300 scientific 
papers and addresses. He is also the 
author of two books which are almost 
classics, Metallurgy and Its Influence 
on Modern Progress and Faraday 
and His Metallurgical Researches.— 
BEAMA Journal. 


Ze 


Ear Falls development, Lac Seul. 
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Joints in Steel Reintorced 
Aluminum Conductor 


Tested in place for alignment of Steel and 
Aluminum Sleeves 


By J. E. Reid, Transmission Section, Electrical Engineering 
Department, H.E.P.C. of Ontario 


OINTS in steel reinforced alum- 
‘® inum cable are made by using two 
sleeves, one over the steel core and 
ithe other for the aluminum con- 
ductor and the steel splice (Fig. 1). In 
making the joint the core of each con- 
ductor is bared for about five inches, 
the ends are inserted in the steel 
sleeve, and the steel compressed by 
cold flow of the material in a hydrau- 
lic press. The aluminum sleeve, pre- 
viously put on one conductor, is 
centred over the steel sleeve and com- 
pressed. In this final operation the 
steel sleeve is so covered by the 
aluminum sleeve that it is possible for 
the steel sleeve to be considerably dis- 
placed towards either end of the alum- 
inum splice or joint. Joints have 
come apart due to poor alignment of 
the steel sleeve inside the aluminum 
sleeve. Several testing equipments 
have been devised to record electrical- 
ly or magnetically just where the ends 
of the steel sleeve are in relation to 
the exposed ends of the aluminum 
sleeve. 

Of these probably the simplest is 
that of winding an insulated coil of 
fine wire around the aluminum sleeve 
in the vicinity of the end of the steel 
sleeve. Pass a direct current through 
this coil and explore the magnetic ef- 


fects with a compass needle as 


magnetic equipment, which is 


described in Engineering Journal, 
June, 39, Vol. 22, P 261. Where it is 
desirable to do this work with the 
conductor in place, it would take some 
time to send a man out in a cradle to 
wind the fairly long coil of wire. One 
magnetic type of testing apparatus, 
designed to determine the amount of 
misalignment within a splice of a de- 
energized conductor in place is herein 
described. 

The apparatus (Fig. 2) consists 
of four similar coils mounted on an 
aluminum frame. Coils A and B are 
mounted on a laminated magnetic 
core (C), coils A* and B’ on a similar 
core (C’). The apparatus may be ap- 
plied to the joint in two ways. If the 
joints are not more than thirty-five 
feet from ground, poles may be used 
to raise the apparatus which is then 
readily hooked over the conductor. 
For higher joints a trolley may be 
used to carry the apparatus from a 
tower to the joint. When the trolley 
is properly centred over the joint, the 
sus- 
pended above the conductor by 
springs, is pulled down to the top of 
the joint by a rope manipulated from 
the ground. In either case the ap- 
paratus, which is symmetrical, must 
first be properly centred over the alu- 
minum sleeve. The ends of the lamin- 
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Fig. 1—Compression joint. 


ated cores C and C’ should not touch 
the aluminum sleeve. Carefully made 
“Vv”? guides or hooks are necessary so 
that the apparatus is parallel to the 
joint. 

Coils A and A’ are connected to a 
battery on the ground. In the field 
six light radio 45 volt B_ batteries 
were found convenient. When the 
Key K is closed the current in A and 
A* causes magnetic flux in two mag- 
netic circuits. One magnetic circuit 
is composed of the laminated core 
associated with coils A and B together 
with the steel core of the cable and 
part of the steel sleeve. The second 
magnetic circuit is similar at the 
other end of the joint, there being a 
considerable air gap in both magnetic 


circuits. If the steel sleeve is proper- 
ly centred longitudinally in the alu- 
minum sleeve, both magnetic circuits 
are the same, and the magnetic flux 
linking coils B and B’* is the same. 
When the Key K is opened the decay 
of this flux causes equal voltages in 
B and B’, which are so connected 
that these voltages cancel, producing 
no deflection on the galvanometer on 
the ground. If the steel joint in Fig. 
2 is displaced to the left of centre, the 
flux linking coil B will be increased 
and that linking B’* will be decreased, 
due to respective increases and de- 
creases in the amount of steel in the 
magnetic circuits. When the Key K is 
opened the voltages induced in B and 
B* are no longer equal, hence do not 
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Fig. 2—Electromagnetic diagram of equipment. 
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Fig. 3—Magnetic coils in position, with recording equipment and a 


wooden trolley. 
aluminum. 


cancel completely and the galvano- 
meter deflects momentarily in one 
direction. If the joint were misplaced 
to the right the galvanometer would 
deflect in the other direction. 


After the apparatus is properly 
centred, very little time is necessary 
to test the joint. The galvanometer 
is actually used as a ballistic galvano- 
meter, the maximum throw or swing 
of the needle being a measure of the 
amount of misalignment of the joint. 
Hither the deflection obtained on clos- 
ing or opening of the Key K may be 
used, that on opening being consid- 
ered preferable. The instrument may 
be calibrated by making up a stand- 
ard joint using the same conductor 


Magnetic coils in practice are usually much closer to the 


and steel sleeve. The aluminum 
sleeve is not necessary. The instru- 
ment is then applied to this joint and 
shifted known amounts each way 
from centre. Readings of the galvano- 
meter at these positions give the in- 
formation necessary for plotting a 
calibration curve. An error of align- 
ment of one-half inch may be easily 
determined. A warped joint may ac- 
count for an error in the reading of 
about one-half inch. Eddy currents 
induced in the aluminum cable and 
sleeve do not affect the readings of 
the galvanometer. The apparatus 
Serves aS an incidental check on the 
increase in length of the compressed 
joint, thus checking the correct opera- 
tion of the hydraulic press and dies. 
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Drying with Infra-Red 
Radiation 


By H. F. Davidson, Phometric Laboratory, H.E.P.C. of Ontario 


ONSIDERABLE interest has 
been aroused in the last 
year or two by the applica- 
tion of infra-red radiation 

to various industrial processes, such 
as paint baking, dehydration and pre- 
heating. Radiant heating for indus- 
trial processes is comparatively new 
and there is a lack of complete in- 
formation relating to its application, 
method of operation, and its limita- 
tions. Where the quantity of heat 
required is not too great, it has 
several advantages over other methocs 
of heating, the most important of 
which is the reduction in drying time 
allowing increased production with no 
increase in space and at reasonable 
cost. In the following, an attempt 
will be made to explain the general 
methods of application of radiant 
heating, sources of infra-red, auxil- 
iary equipment, and its application to 
paint baking and dehydration pro- 
cesses. 

NATURE OF INFRA-RED RADIATION 

Infra-red radiation, more commonly 
known as radiant heat, is contained 
in the portion of the spectrum just be- 
yond and of longer wave-lengths than 
the visible red radiation. The visible 
portion of the spectrum extends from 
violet at about 0.4 microns wave- 
length (1 micron is one thousandth 
part of a millimeter) to red at about 
0.70 microns, while infra-red radia- 
tion extends from 0.70 microns to 
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wave-lengths of the order of magni- 
tude of 100 microns. Heated bodies 
radiate energy and the amount of this 
energy emitted at the different wave- 
lengths depends on the temperature of 
the body. A steam radiator emits in- 
fra-red radiation of very long wave- 
lengths, while an incandescent body 
emits radiation of shorter wave- 
lengths, including both visible and 
infra-red. The distribution of energy 
radiated from a tungsten filament 
heating lamp operating at 2,500 deg. 
K* as shown in Fig. 1. Note that the 
peak in the curve occurs at about 
1.15 microns. Radiation at this wave 
length has been found very satisfac- 
tory for the general run of radiant 
heating applications. As the temper- 
ature is increased, the peak shifts to- 
wards the visible region, i.e., the wave 
length of maximum radiation becomes 
shorter. 
GENERAL METHODS EMPLOYED 

Heat can be transferred from one 
body to another by conduction, con- 
vection or radiation. The transfer of 
heat ‘between different parts of the 
same body or between different bodies 
in contact is called conduction. Con- 
vection is the term applied when heat 
is transferred by the motion of heated 


*The color or “degree of whiteness’ of the light 
from an incandescent lamp is expressed by the 
color temperature of the filament in degrees 
Kelvin. When a drying lamp is said to have a 
color temperature of 2500 deg. K., it indicates 
the temperature at which a standard black body 
radiator must operate to produce light of the 
same color. 
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Fig. 1—Relative energy distribution of a 2500 deg. K. drying lamp and 
the reflectance of gold and aluminum surfaces. 


particles of a liquid or gas. Heated 
bodies emit radiant energy in straight 
lines in all directions and when this 
energy is absorbed by another body 
the heat is said to be transferred by 
radiation and the emitted energy is 
infra-red radiation. 

The application of infra-red radia- 
tion or radiant heating to industrial 
processes usually involves the utiliza- 
tion of the radiant energy from in- 
ecandescent lamps similar to those 
used for regular lighting service. The 
lamps with their auxiliary reflectors 
are arranged in banks or tunnels, 
called ovens, and the work is passed 
through on a conveyor. The work is 
quickly raised in temperature by ab- 
sorption of the incident radation and 
the drying or baking process proceeds. 

Since the heat transfer is brought 
about by the absorption of the radia- 
tion incident on the work, the surface 
characteristics are important. Dark 


colours usually absorb more of the in- 
cident radiation than light colours or 
highly-polished materials. Figsriz 
shows the effect of different coloured 
paint finishes on the rate of tempera- 
ture rise, with other factors constant. 

The rate of temperature rise also 
depends on the density of the incident 
radiation, the mass, specific heat and 
conductivity of the material. The 
final temperature will be attained 
when a condition of equilibrium has 
been reached, that is, when the rate 
of heat loss from the work is equal 
to the rate of heat input. The rate 
of heat loss is dependent on several 
factors, the most important of which 
is the temperature and movement of 
the air surrounding the work although 
in the original heat transfer this has 
very little effect. In some of the first 


‘infra-red heating installations no at- 


tempt was made to prevent drafts 
Which reduced the efficiency of the 
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Effect of paint colour 
on rate of temperature 
rise of 26 gauge sheet 
steel discs 5 inches 
in diameter. 


oe Us 


oven. It is now customary to retard 
the movement of air in the oven by 
means of baffles as illustrated in 
Fig. 3. 

As far as is known no chemical 
change can be attributed to the use of 
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infra-red radiation to such operations 
as paint baking other than would 
normally take place by the applica- 
tion of heat by any other method. 
Probably the most contributory factor 
to the very rapid development of radi- 
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Fig. 3—(a) An installation of infra-red equipment without draught 


shields. 


ant heating for paint baking was the 
development of high speed synthetic 
baking enamels. 

It is general practice to determine 
the equipment required for any speci- 
fic application by means of laboratory 
tests. The necessity for these tests is 
due to the presence of so many vari- 
ables which make calculations difficult 
and unreliable until such time as suf- 
ficient data have been compiled from 
successful installations. 


SOURCES OF JINFRA-RED 


The incandescent filament lamp pro- 
vides a very efficient and practical 
source of infra-red radiation, having 
many advantages. From 75 to 85 
per cent of the input watts to a tung- 
sten lamp is dissipated in the form of 
radiant energy. The filaments in 


lamps used for heating service oper- 
ate at a lower temperature than those 
used for regular lighting service, with 
the result that the life is greatly ex- 
tended. Another desirable feature of 
the incandescent lamp is the relatively 
small filament which allows reason- 
ably accurate control of the radia- 
tion by reflectors. 

Lamps used for heating service are 
shown in Fig. 4. Lamps 1, 2 and 4 
should be used in auxiliary reflectors. 
Lamp No. 3 is a reflector-drying lamp 
having a processed aluminum coating 
on the inside of the bulb and requires 
no auxiliary reflector. 

With reasonable care the life of 
drying lamps should be well in excess 
of 5,000 hours. Many lamp failures 
are due to mechanical shock when 
cleaning or adjusting equipment due 
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Fig. 3—(b) An installation of infra-red equipment showing the use 
of draught shields or baffles to minimize convection losses. 


Fig. 4—Tungsten lamps used as sources of infra-red energy are:— 
1. 500 watt G-40 drying lamp. 
2. 1000 watt G-40 drying lamp. 
3. 250 watt R-40 reflector-drying lamp. 
4. 250 watt G-30 drying lamp. 
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Fig. 5—Some of the auxiliary reflectors used with regular drying lamps. 


Both open and enclosed reflectors are available. 


usually gold plating. 


to the fact that the filaments become 
brittle after appreciable operation. 


REFLECTING EQUIPMENT 


The most commonly used reflecting 
surface for infra-red radiation is gold 
plating. Gold has a very high re- 
flection factor and does not tarnish 
easily. Alzak aluminum reflectors are 
also used having a reflection factor 
about 10 per cent less than gold. 
Processed aluminum as used on the 
reflector-drying lamps has a reflection 
factor between that of Alzak and gold. 
Fig. 1 shows the reflectivity of gold, 


processed aluminum and _ polished 
aluminum. 
Several types of reflectors are 


available, a few of which are shown 
in Fig. 5. The most commonly used 


The reflecting surface is 


open reflectors range from 10 to 12 
inches in diameter and are used with 
a 250-watt lamp. For higher heat 
densities with the 250 watt lamps, the 
smaller reflectors ranging from 7 to 9 
inches in diameter allow closer spac- 
ing. Open type reflectors have hexa- 
gonal flanges to eliminate the use of 


draft shields behind the reflectors 
when they are nested in vertical 
banks. 


Where heat is applied to a material 
such aS wood, which has poor heat 
conductivity, the distribution must be 
uniform. Open reflectors for this 
purpose are deep and suitable for 
lamps up to 1000 watts. 

Totally enclosed units are now 
available, using 500 and 1000 watt 
lamps. These types are more easily 
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maintained than open reflectors, as it 
is only necessary to clean the cover 
glass, which has a smooth outer sur- 
face. The molded pattern on the 
inside surface of the cover glass is 
used to diffuse the radiation and by 
this means a very uniform distribu- 
tion can be obtained. 


Regular maintenance of reflectors 
is imperative in order to maintain a 
reasonable efficiency. This is par- 
ticularly important where reflectors 
are directly in the path of vapours or 
paint drippings. One method of clean- 
ing gold plated reflectors is to apply 
the solvent, used in the painting oper- 
ation, along with a small amount of 
lamp black by means of a cotton bat. 
When dry, the reflectors are polished 
with a soft cloth. Another method is 
to remove the reflectors and dip them 
in a 10 per cent caustic solution. 


PAINT BAKING 


The greatest number of applications 
of radiant heating to industrial pro- 
cesses up to the present has been for 
the baking of paints on metals. In 
many manufacturing plants the paint 
finishing department presents a bottle- 
neck, preventing any increase in pro- 
duction rate without considerable 
expense. It was quite natural that 
considerable interest was aroused by 
claims that baking times for paints 
were reduced from a matter of hours 
to a few minutes by the use of infra- 
red. All credit for the large reduc- 
tion in finishing time cannot be attri- 
buted to the use of infra-red radia- 
tion, for in the majority of cases this 
reduction was possible only by chang- 
ing the paint to one more suited to 
the use of radiant heating. 
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A general description of the consti- 
tuents of various industrial finishes 
will point out the importance of the 
paint on the success of any applica- 
tion of radiant heating to paint bak- 
ing. The most widely used industrial 
finishes can be divided into three 
general classifications, namely, lac- 
quers, synthetic enamels and japans. 

Lacquers are generally composed of 
plastic, plasticizer, pigment and solv- 
ent. The drying of lacquers is almost 
completely brought about by the 
evaporation of the solvent which 
carries the other three constituents. 
Neither the plastic, which actually 
forms the film on the material, nor 
the plasticizer which keeps the film 
flexible, are very important in con- 
nection with the infra-red drying. 
The pigment imparts the colour and 
affects the drying time, as the amount 
of infra-red absorbed depends a great 
deal on the surface colour. Lacquers 
sometimes contain as much as 75 per 
cent solvent and require a low heat 
density. Temperatures over 150 deg. 
fahr. may cause bubbling or pinhol- 
ing due to the solvent evaporating too 
fast. Present installations of infra- 
red drying applied to lacquers indicate 
4 or 5 minutes as the usual drying 
time. 

Synthetic baking enamels are wide- 
ly used but they are not all suited to 
the use of infra-red radiation. The 
usual composition of synthetic en- 
amels consists of pigment, oil, resin, 
drier, plasticizer and thinner, of 
which the pigment, oil and thinner 
are most important when considering 
the use of infra-red radiation. The 
pigment may be organic or inorganic 
or a mixture of both. Most organic 
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pigments are heat sensitive and too 
high a temperature will cause dis- 
coloration. In the vehicle it is cus- 
tomary to use various amounts of 
more than one kind of the several oils 
available. The oils are very import- 
ant and they harden chiefly by poly- 
merization® or oxidation.* Polymeriz- 
ing oils, such as Tung or china ‘wood, 
are necessary for high speed baking 
enamels which lend themselves very 
well to radiant heating. Oils that 
harden by oxidation, such as linseed, 
are generally not suitable as the 
oxidation process is comparatively 
slow. Thinners are of various flash- 
points. Those having a low flash point 
are called fast thinners and are neces- 
sary where the work passes directly 
into the oven from the spray booth. 
Slow thinners require a_ standout 
period. The baking temperatures for 
synthetic enamels range from 200 to 
325 deg. fahr. with drying times as 
low as a few minutes. The drying 
time depends on the characteristics of 
the paint and the weight of the work. 
Baking japans are not generally 
adaptable to radiant heating as the 
vegetable oil usually used requires a 
comparatively long time to harden. 
Some japans of the _ air-drying 
variety can be hardened by infra-red 
without difficulty. 
DRYING AND HEATING APPLICATIONS 
Infra-red radiation can often be 
used to advantage where solvents are 
to be evaporated or material is to be 
heated for further processing. It may 
be a case of speeding up production 


*With reference to paints, polymerization is a 
change in the oil in forming, by a union of its 
molecules, a hardened film of higher molecular 
weight but possessing the same percentage com- 
position. Oxidizing oils are those that harden by 
taking oxygen from the air. 


throughout for best results. 


by supplementing existing equipment 
or by doing the whole job with infra- 
red. 

For the evaporation of a film of 
water it is desirable to heat the film 
This 
requires that the water absorb as 
much of the radiation as possible. On 
the other hand, where felts or pulp 
are to be dried, appreciable penetra- 
tion is required. Radiation of wave- 
lengths longer than 1.4 microns is 
greatly absorbed by a thin film of 
water, while radiation of wave-lengths 
shorter than 1.4 microns is almost all 
transmitted by the same thickness of 
water. Since all sources of infra-red 
radiation produce some radiation be- 
yond 1.4 microns, the temperature of 
the source will determine the penetra- 
tion. About 50 per cent of the radia- 
tion from a regular heating lamp at 
2500 deg. K. is absorbed by the first 
millimeter of water and it is felt that 
this lamp will be satisfactory for the 
general run of drying applications. 

By estimating various factors, such 
as the efficiency of the equipment, 
absorption of the work, etc., it is 
possible to calculate the kilowatts re- 
quired for a specific evaporation job. 
However, in almost all cases it is 
advisable to check the calculations by 
actual tests, as it is very seldom that 
all of the variables are known with 
any degree of accuracy. Calculated 
results are very useful in estimating 
the approximate kilowatt capacity 
required in order to give an indica- 
tion of the economic possibilities of 
the use of radiant heating before 
spending time and money on actual 
tests. 

For economic reasons the use of 
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Fig. 6—Thermopile for measuring radiant energy. 
are mounted on top of holder A and the cold junctions are enclosed in B. 


infra-red radiation for the evap- 
oration of large amounts of water 
has not been practicable. 'This is due 
to the large quantity of heat required 
to evaporate the water after it has 
been raised to the evaporation tem- 
perature. 

Infra-red radiation is used for the 
heating of bakelite strips previous to 
punching. Another successful appli- 
cation is the heating of asphalt im- 
pregnated fiber board to facilitate 
bending or forming. 

Radiant heating is occasionally 
used on printing presses for the dry- 
ing of ink on paper. There are, how- 
ever, very few inks available at the 
present time that are adaptable to 
radiant heating. Anilin inks, using 
aleohol as the solvent, are generally 
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The hot junctions 


suitable for infra-red drying. The 
drying of “printers’ ink’, which is a 
slow drying oil paint, is not suitable 
for the use of infra-red radiation. 


MEASURING INFRA-RED RADIATION 

The most commonly used _ instru- 
ments for the measurement of infra- 
red energy can be divided into three 
general groups: bolometers, radio- 
meters and thermopiles. For measur- 
ing the radiation from infra-red dry- 
ing equipment the thermopile has 
been found very practicable. 

The principle of operation of the 
thermopile depends on the generation 
of an e.m.f. when wires of two dis- 
similar metals are joined together and 
heated. A thermopile consists of a 
series of such junctions, half of which 
are exposed to the radiation and are 
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called “hot’’, while the remainder are 
shielded from the radiation and are 
termed ‘‘cold’”. In operation the hot 
junctions are exposed to the radiation 
for a certain length of time and the 
e.m.f. generated is proportional to the 
difference in temperature of the hot 
and cold junctions which, in turn, is 
proportional to the density of the 
radiation. A galvanometer or sensi- 
tive micro-ammeter is used to 
measure the em.f. The thermopile 
and indicating instrument are cali- 
brated in watts per square inch, 
which is the unit of flux density used 
in radiant heating. The corresponding 
unit in lighting is the “lumen per 
square foot” or footcandle. Hag 
illustrates a thermopile with its indi- 
cating instrument. 


COMMENTS 


It is quite probable that further 
experiments will point to the advis- 
ability of different source tempera- 
tures for certain applications. Up to 
the present, most infra-red work has 
been carried on with tungsten incan- 
descent lamps operating at 2500 deg. 
K. or carbon lamps operating at 2000 
deg. K. 
are the hot wire element such as used 
in domestic radiant heaters operating 
at about 1500 deg. fahr., metal - en- 
closed-type heaters operating in the 
neighbourhood of 1200 deg. fahr. and 
“black” 
deg. fahr. or lower. 


Other sources of infra-red 


sources operating at 1000 


Infra-red heating has several oper- 
ating advantages that should be given 
consideration along with the actual 
fuel costs in making comparisons with 
other methods of heating. Some of 
these advantages are short heating up 
period due to the direct heat transfer, 
controlled rate of heat transfer, elim- 
ination of warm-up time necessary for 
convection ovens, elimination of fumes 
from combustion fuels, low first cost, 
flexibility and light weight construc- 
tion allowing ovens to be suspended 
from ceiling. 

There has been a comparatively 
small amount of data compiled to date 
with the result that laboratory tests 
provide the most economical and rapid 
method of determining the equipment 
required for a_ specific operation. 
When sufficient data and experience 
have been obtained, factors such as 
the radiating efficiency and spectral 
distribution of infra-red sources and 
reflectors, reflection factors and opa- 
cities of materials to be heated will 
ibe known with sufficient accuracy to 
allow the calculation of the equipment 
requirements for a particular installa- 
tion. 

Interest in infra-red heating has 
been widespread since its first large 
scale industrial application several 
years ago and there still is a large 
field of unexplored uses. The majority 
of applications at the present time 
consist of paint baking, low tempera- 
ture heating of metals and plastics 
and various drying operations. 
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Industrial Development in 
Canada to Meet the 
War Emergency 


William D. Black, M.E.I.C., President, Otis-Fensom Elevator 
Company, Limited, Hamilton, Ont. 


N this war there are no exemp- 
tions. We can be very sure that 
before it ends each one of us 
will feel the impact of it in our 

own particular sphere and in our own 
particular time. That being so, it 
would be most unfair—in fact, it 
would be foolish—to claim for any 
one section of the community, a pre- 
-cedence or preeminence over. the 
others. ‘Total war does not create dis- 
tinctions. It destroys them. 

If I were not very sure that every- 
one, in due course of time, will be call- 
ed upon to serve, I would hesitate to 
assert that this war has, so far, been 
an industrial war and, consequently, 
an engineer’s war. It could not pos- 
Sibly have ‘been otherwise. Tims 
merely an unavoidable circumstance 
of modern war that its first demands 
are made upon industry and particu- 
larly upon those heavy industries 
which are almost entirely of an engi- 
neering character. 

How has industrial Canada _ re- 
sponded to these demands? I will an- 
ticipate a little by saying at once that 


the response has been wholehearted | 


and effective. Obviously, the picture 
of wartime industrial development as 
a whole is something beyond the scope 


Radio address broadcast by the Canadian Broad- 
casting Corporation and sponsored by the Engi- 
neering Institute of Canada, November 13th, 1940. 
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of individual experience. The mere 
statement of figures hardly suffices to 
convey an adequate impression for 
they lose their significance for us as 
they expand to astronomical propor- 
tions. But if we could relate our 
figures to some previous and compar- 
able experience, we might expect to 
obtain an adequate conception of what 
is going on. 

The evident background against 
which we might usefully contrast our 
present performances is that of the 
last Great War. Let us see how the 
Canada of to-day compares with the 
Canada of 1914 from an _ industrial 
point of view. 


In 1914, the working population of 
Canada (that is, the total of all those 
gainfully employed) was 2,700,000. 
To-day it is in the neighbourhood of 
4,000,000, an increase of almost 50 
per cent in the past 26 years. Weare 
bigger—numerically speaking half as 
big again as we were in 1914. Can 
we claim to be _ correspondingly 
stronger—economically and industri- 
ally? 

In 1914 the total value of our ex- 
ports was $432,000,000. According to 
the latest available figures, these 
have now increased to over $1,100,- 
000,000 or a gain of more than 150 
per cent. During the same period we 
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advanced from eighth place to fourth 
place in total volume of world trade. 
In 1914 our manufactured exports had 
a value of $44,000,000. To-day they 
are valued at almost $700,000,000, no 
less than 15 times more than they 
were when we entered the last war. 

The advances in production of raw 
materials during the past quarter- 
century have been phenomenal. Take 
the non-ferrous metals for example. 
Nature has endowed us liberally with 
most of these valuable and versatile 
metals, while she has treated our 
enemies with a scant courtesy which, 
we may well be excused for thinking. 
was no more than they deserved. 

Since 1914 our annual non-ferrous 
metal exports have increased from 
$52,000,000 to $273,000,000 or by 
more than 500 per cent. Nickel pro- 
duction has risen from 47,000,000 Ib. 
to 227,000,000 lb., again a five-fold in- 
crease; lead production from 36,000,- 
000 Ib. to 390,000,000 lb. up ten 
times; copper production from 76,- 
000,000 Ib. to 607,000,000 Ib. increased 
eight times; zine production from 
7,000,000 lb. to 395,000,000 lb. multi- 
plied almost 60 times. 

The frequency with which favour- 
able production figures appear in this 
country tends to dull their edge, but 
no amount of repetition can obscure 
the significance of such increases. 
They are probably without parallel in 
the world to-day. In other respec‘s 
the list might be prolonged indefinite- 
ly. Thus the production of minerals 
of all kinds has quadrupled in the past 
25 years. So has the production of 
electric power. The current produc- 
tion of crude oil is at thirty times the 
rate of 1914 and so on. 


In wartime there are no more Sig- 
nificant figures than those concerning 
the manufacturing industries in gen- 
eral. Prime Minister Churchill, with 
his unerring sense of the illuminating 
phrase, highlighted this fact for all of 
us when he said: ‘The front line 
runs through the factories.” It would 
be difficult to describe the situation 
more graphically or accurately. In 
1914 the total capital value of the in- 
dustrial plant of Canada was about 
1% billion dollars. At the outbreak 
of the present war, it was approach- 
ing 41% billion dollars. But we have 
not only trebled our manufacturing 
facilities since the last war. We have 
also improved their productive effi- 
ciency immensely. In the six years 
from 1923 to 1929, the physical 
volume of manufacturing production 
increased by 50 per cent while our 
population increased by only 11 per 
cent during the same period. Since 
1914, the cost of materials employed, 
the net value of production, and the 
salaries and wages paid, in the manu- 
facturing industries of Canada have 
all increased anywhere from 200 to 
300 per cent while the number of per- 


sons employed has increased by no 


more than 20 per cent. Quite clear- 
ly, the increases in our total or work- | 
ing population convey no adequate 
impression of our industrial growth 
and expanded war potential, since we 
were last embattled with the Hun. 
This is all very gratifying, of 
course, but from a war-making point 
of view it gives no grounds for self- 
satisfaction or complacency. All this 
rapidly developed productive capacity 
has been devoted exclusively to the 
purposes of peace. So when war 
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came, our great potentialities served 
merely to emphasize the immensity of 
the task which faced us in diverting 
our material and mechanical resources 
into the channels of war production. 
To the extent that we are called upon 
in Canada to produce the actual in- 
struments of combat (aircraft, tanks, 
guns, shells, bombs, small arms and 
ammunition, explosives, and chemi- 
cals) we must secure new equipment 
and erect new plants. 

I place new equipment first advised- 
ly, for it is this rather than the re- 
quired building that is determining 
the rate of expansion of our manu- 
facturing programme. Our all-too- 
elastic building industry is not likely 
to be over-strained by immediate de- 
mands, but the production of machine 
tools is a very different matter. These 
tools, and more particularly, their an- 
cillary gauges and fixtures, are, in 
fact, instruments of precision. The 
making of such equipment can be 
neither inordinately rushed nor hasti- 
ly expanded. This point will bear 
emphasis, for it explains to a consid- 
erable degree the sense of frustration 
and impatience which was widespread 
in the early months of this year. The 
Canadian public, having embarked 
upon war, clamoured for weapons and 
equipment as visible evidence of our 
warlike intentions. At the same time, 
our machine tool industry, the very 
fount and source of all manufactures, 
was staggering under a colossal and 
unprecedented load. It is still severely 
strained but the initial lag or inertia 
has been overcome. The _ largest 
machine tool makers in this country 
have tripled their rate of output since 
the war began, have orders on hand to 
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maintain the rate for two years, and 
are working to the limit of capacity. 
But even this kind of effort is not 
sufficient to provide us with the tools 
we need, in the time we want them. 
We have had to call upon the great 
machine tool industry of the United 
States and we make no mistake if we 
regard the accessibility and familiar- 
ity of this source of supply as a major 
wartime asset, not only for Canada, 
but for the Empire at large. 

During the first year of the last 
war, the value of all construction of 
every kind undertaken in Canada was 
roughly $80,000,000. During the first 
ten months of this year, the recorded 
value of contracts awarded for indus- 
trial building alone was well in excess 
of this sum, even though many mil- 
lions of dollars’ worth of Government 
owned plant construction had not at 
that time appeared in the ordinary 
trade returns. The Director of Pub- 
lic Information announced on October 
30th last that over $250,000,000 of 
purely Government owned plant con- 
struction was under way, a figure that 
may be contrasted with the $80,000,- 
000 of industrial building erected in 
the so-called normal year 1926. The 
industrial building contracts awarded 
in September actually exceeded those 
of the entire year 1939 by several 
million dollars. 

Some idea of the headlong speed of 
the present industrial building pro- 
gramme can be gathered from the 
fact that contracts were awarded dur- 
ing last September at five times the 
average rate of the preceding eight 
months. 

All this huge volume of plant and 
equipment is, of course, but the 
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shadow of a dream without men to 
operate it. Already, the situation 
with regard to trained men is severe 
and, as to highly skilled men, actually 
acute. Yet the present demand for 
labour is, broadly speaking, of a pro- 
visional or preliminary nature and the 
flood tide of war employment will not 
arrive until the great explosive and 
armament plants reach full produc- 
tion in six to twelve months’ time. 
How is this looming problem of indus- 
trial man-power to be dealt with? We 
will find no easy “royal road” to 
a solution, but rather a number of 
complementary approaches. The train- 
ing of youth in technical and voca- 
tional schools, the assistance of em- 
ployers in the recovery and develop- 
ment of skill by men who have aban- 
doned an industrial pursuit, the re- 
cruitment of Canadian women, the 
provision of Government-sponsored 
refresher courses, will all play, and 
in most cases are already playing, an 
important part. The Dominion Gov- 
ernment is alive to the situation and 
the return of suitable men from the 
military to the industrial front is 
under careful consideration. But I ven- 
ture to suggest that the solution will 
lie, more than anywhere else, in the 
ability of industrial management to 
organize and rationalize their working 
forces so as to effectively employ a 
maximum of unskilled or part-skilled 
labour under a minimum of fully- 
skilled supervision. It is a common mis- 
apprehension to regard this labour 
problem as one calling for a vast num- 
ber of fully and equally competent 
workers. This is a distorted picture of 
even normal industrial employment. 
The fact is that, given a reasonable 


degree of informed and _ intelligent 
direction, great numbers of workers 
who might otherwise be largely in- 
effective, will become valuable and 
productive industrial recruits. 

As I trust I have already made 
clear, it is no purpose of this talk to 
foster the idea that what has so far 
been achieved, or contemplated, in an 
industrial way is sufficient or com- 
plete. There can be no end to the 
story until it ends in victory. But no 
harm and some good may result from 
a sober realization that an immense 
and well-considered effort is on foot 
througthout the country. We are only 
11144 million people, but I am con- 
vineed that with our resources and an 
inflexible determination, we can build 
ourselves up to the equal of 25 mil- 
lions of the best of Hitler’s strained 
and regimental people. This is no idle 
boast or empty phrase. It is a legiti- 
mate and attainable war objective. 

A popular question of the day is: 
“What are we going to do with all 
this industrial plant and all these 
workers when the war is over?” I 
do not profess to know. But I believe 
the question is, at the present time, 
pointless and wasteful of speculative 
energy which might be otherwise 
more usefully employed. It would be 
much more excusable, though quite as 
useless, to cogitate upon the economic 
advantages which we might hope to 
gain from a victory. Not that I be- 
lieve this currently frequent question 
to be unanswerable or pregnant with 
disaster. There are a number of miti- 
gating indications. We absorbed a 
great amount of the industrial de- 
velopment of the last war into our 
peacetime economy and scrapped much 
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more without any catastrophic results. 
The great depression of the thirties 
amply demonstrated the ability of the 
modern world economy to withstand 
great shocks and strains. The social 
and economic trappings of civilization 
are, in fact, amazingly tough and re- 
silient. Let us go steadfastly and 
unflinchingly on to win this war—let 


x 


us at least arm ourselves to fight it— 
before we begin timidly to deplore its 
cost. Let us march breast-forward in 
the certain knowledge that our grand- 
children will inhabit a Canada, politi- 
eally, socially, and economically better 
ithan the Canada we know to-day and 
find good enough to fight for.—The 
Engineering Journal, 


Ze 


Hydro-Electric Progress in 


Canada 


HE annual review of hydro- 
electric progress in Canada 
prepared by the Dominion 
Water and Power Bureau, 

Department of Mines and Resources, 
Ottawa, indicates extensive activity 
in the provision of power for indus- 
try. Not only is the year’s total of 
new plant and additional installation 
to existing plants the greatest of the 
past five years but plants contain- 
ing an even greater installation are 
under preliminary or final construc- 
tion. 

Widespread extensions of trans- 
mission and distribution facilities 
have been made to serve new war- 
time industries and military estab- 
lishments in addition to the normal 
growth of such facilities to meet 
ordinary civilian demands for min- 
ing, industrial and domestic use, both 
urban and rural. 

The monthly figures of output of 
Canada’s central electric stations, as 
issued by the Dominion Bureau of 
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in 1940 


Statistics, reveal that each month 
of 1940 from January to October (the 
latest yet released) showed an in- 
crease in firm * power sold for con- 
sumption in Canada over the corres- 
ponding month of the previous year. 
Although there has been a progres- 
sive monthly reduction in the sales 
of electricity for use in electric boil- 
ers and for secondary export the in- 
crease in the use of firm power in 
Canada ‘indicates that the total out- 
put of the central stations will 
achieve a new all-time record. 

New water-power installation dur-. 
ing 1940 totalled 302,790 horsepower. 
Adjusting this figure because of the 
inclusion in the 1939 totals of two 
installations not actually operating 
until after January 1, 1940 and be- 
cause of the omission of two 1939 
installations not reported before the 
end of that year gives a net addition 
to the total installation obtaining at 


“Total electricity sold less power exported to the 
United States or used in electric-steam boilers. 
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the end of 1939 of 295,226 horse- 
power and brings Canada’s total 
hydraulic installation as of January 
1, 1941 to 8,584,438 horsepower. 

Much of the increase was due to 
additions to existing installations but 
two new stations were completed and 
brought into operation during the 
year. The larger of these was the 
178,000-horsepower plant of the St. 
Maurice Power Corporation (owned 
jointly by the Shawinigan Water 
and Power Company and the Brown 
Corporation) at La Tuque on the 
upper St. Maurice river, in the Prov- 
ince of Quebec and the other, the 
7,500-horsepower Hollow’ Bridge 
plant of the Avon River Power Com- 
pany on Black river in Nova Scotia. 
The larger additions to existing 
plants included a 53,000-horsepower 
unit installed in the Beauharnois 
Light, Heat and Power Company’s 
station on St. Lawrence river and 
two units of 25,000 horsepower each 
in the West Kootenay Power and 
Light Company’s Upper Bonnington 
Station on Kootenay river in British 
Columbia. 

A description, by provinces, of the 
year’s activities in hydro-electric 
construction and distribution fol- 
lows: 


BRITISH COLUMBIA 

The major activity in British Col- 
umbia was the completion of the ex- 
tension of the Upper Bonnington, 
Kootenay river, station of the West 
Kootenay Power and Light Company 
and the installation of two 25,000- 
horsepower turbines each driving a 
20,500-kv-a. generator. 

After the completion of the work 
at Upper Bonnington the power com- 


mines. 


pany’s construction equipment was 
moved to Brilliant, the only remain- 
ing undeveloped site on the Kootenay 
river down stream from Nelson, and 
work was commenced on the reloca- 
tion of two miles of the Canadian 
Pacific Railway line. This site 
would provide power for an installa- 
tion of 90,000 horsepower. 

The Nanaimo-Duncan Utilities 
Limited completed the installation of 
a %50-horsepower addition to. its 
plant on Millstone river, Vancouver 
island. This turbine is connected to 
a 500-kv-a. generator and is designed 
for use during the winter months 
when more water is available than 
is necessary for the original installa- 
tion. 

NORTHWEST TERRITORIES 

The construction of the first hydro- 
electric plant in the Northwest Ter- 
ritories was planned for completion 
in 1940 by the Consolidated Mining 
and Smelting Company to provide 
power for its Con and Ptarmigan 
Unexpected delays have pre- 
vented the scheduled completion of 
the plant but it is now expected that 


power from it will bbe available early 


in 1941. The plant which is on Yel- 


lowknife river at the outlet of Blue- 


fish lake, about 18 miles north of the 
town of Yellowknife, will contain 
one unit of 4,700 horsepower oper- 
ating under a head of 110 feet. 


ONTARIO 
Owing to the rapid increase in in- 
dustrial load at Sault Ste. Marie, the 


Great Lakes Power Company pro- 


ceeded with the enlargement of its 
hydro-electric development at Upper 
Falls on Montreal river. The dam 
at this development is being increas- 
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ed in height and a second unit of 
10,000 horsepower is being installed 
in the power station. It is expected 
that this unit will be available for 
operation early in 1941. Increasing 
the height of the dam and providing 
additional storage at Upper Falls 
automatically provides power for a 
possible additional unit at the Lower 
Falls station on the same river. 

The Hydro-Electric Power Com- 
mission of Ontario was engaged in 
the construction of a number of pro- 
jects connected with the generation 
and transmission of ‘hydro-electric 
power throughout the Province. In- 
vestigations were also carried for- 
ward looking to new sources of power 
to meet future demands. 

In the Patricia-St. Joseph district, 
the installation of unit No. 3 was 
completed at the Ear Falls develop- 
ment on the English river in January 
1940. This unit has a rated capacity 
of 7,500 horsepower under a head of 
36 feet. The turbine is of the mov- 
able blade type controlled by oil pres- 
sure from 'the governor. ‘The rated 
installed capacity of Ear Falls is 
now 17,500 horsepower. 

In the Georgian Bay system, a 
5,000-kv-a. frequency changer set was 
installed at Hanover for the inter- 
change of power with the Niagara 
system. iWork was commenced on 
the construction of Big Eddy deve- 
lopment on Miusquash river. Big 
Eddy development will have a tur- 
bine capacity of 10,000 horsepower 
and contain two units with fixed 
blade propeller runners. The plant 
is expected to come into operation in 
November 1941. 

In the Eastern Ontario system, 
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work was begun on the construction 
of Barrett Chute development on 
Madawaska river, about five miles 
above Calabogie village. The deve- 
lopment will have a rated capacity of 
56,000 horsepower under a head of 
154 feet, and will contain two units 
with Francis type turbines. A large 
storage dam will be constructed at 
Bark Jake on Madawaska river. The 
development is expected to be avail- 
able for operation late in 1942. 

The South River Electric Company 
added a 380-horsepower unit to its 
plant near South River, Ontario and 
the Deagle Company a 160-horse- 
power unit to its plant at Whitefish 
falls on Whitefish river. 


QUEBEC 

The St. Maurice Power Corpora- 
tion completed its new station at La 
Tuque on upper St. Maurice river 
with four units aggregating 178,000 
horsepower operating under a 114- 
foot head. This station will provide 
power for the Brown Corporation’s 
sulphate pulp mill at La Tuque and 
supplement the general distribution 
of the Shawinigan Water and Power 
Company. 

The Beauharnois Light, Heat and 
Power Company completed in Oc- 
tober, the installation of the tenth 
unit of 53,000 ‘horsepower in _ its 
station at Beauharnois on St. Law- 
rence river. The eleventh unit is 
planned for operation in February, 
1941 and work is proceeding on the 
installation of the twelfth and thir- 
teenth units of the same capacity. 

The Aluminum Power Company 
Limited replaced the runner on a 
turbine in its generating station at 
Chute & Caron on Saguenay river, 
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thereby increasing the capacity of 
the unit from 65,000 horsepower to 
70,000 horsepower. 


At The Quebec Streams Commis- 
sion’s development on the upper Ot- 
tawa river, the work inaugurated by 
the former Quebec National Electric- 
ity Syndicate, progressed steadily 
during the year. The plant is ex- 
pected to be in operation by August 
1, 1941. Its ultimate installation is 
48,000 horsepower under a 60 or 70- 
foot head. 

A further development in western 
Quebec is the construction of a 
small hydro-electric plant, 250 horse- 
power, by the St. Eugéne de Guigues 
Electric Company at the outlet of 
Cameron lake in Temiskaming 
county. 

The Pembroke Electric Light Com- 
pany is installing an additional pen- 
stock and a 2,200-horsepower unit in 
its plant on Black River. 


NOVA SCOTIA 
Two hydro-electric generating sta- 
tions were completed during the year. 


Se 


AS 


One of these, the Barrie Brook sta- 
tion of the Nova Scotia Power Com- 
mission, was included in last year’s 
totals as it was assumed that it would 
ibe completed before the end of that 
year. 

The Avon River Power Company, 
a subsidiary of Nova Scotia Light 
and Power Company Limited, com- 
pleted and brought into operation its 
second generating station on Black 
River. It is known as the Hollow 
Bridge station and is at the outlet 
of Hollow Bridge brook. The instal- 
lation operates under a net working 
head of 150 feet and comprises a 
7,500-horsepower turbine temporarily 
driving a 3,500-kv-a. generator. Upon 
delivery of a 6,250-kv-a. generator, 
now on order, the 3,500-kv-a. genera- 
tor will be removed for installation 
in the Company’s third station on 
this river, now under construction 
at Hell’s Gate to utilize some 70 feet 
of fall between the Hollow Bridge 
station and the headpond of the Com- 
pany’s White Rock station near the 
mouth of the river. 
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Merchant Shipping in 
War- lime 


By William Baird, Steamship Passenger Traffic Manager, 
Canadian Pacific Railway, Montreal, Quebec 


O review of Merchant Ship- 
ping of the United King- 
dom can escape reference 
to the pages of history. 

Long before the 1500’s and Henry 
VIII, England was engaged in the de- 
velopment of a Merchant Marine, and 
century by century—through war and 
peace—she made progress step by 
step. On occasion, the Government of 
the day enacted legislation to aid in 
the construction and the operation of 
ships, and at other times the initia- 
tive and industry of private enter- 
prise were the propelling forces. Some 
shipping laws and regulations adopted 
during the present war are similar in 
basis to those enforced in the days of 
Cromwell and Charles II, and we may 
regard with pride the genius of the 
ancient fathers of such laws, that 
what they prescribed centuries ago 
still hold good. 


Address to the Ontario Municipal Electric 
Association, the Association of Municipal Electrical 
Utilities and the Electric Club of Toronto at 
Toronto on February 5th, 1941. 
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In the early 1800’s, the shipping 
position bore some relation to that at 
the present time. Europe was over- 
run by a dictator—Napoleon—who 
swept on from one land victory to an- 
other. William Pitt, Prime Minister 
of England, was beseiged by critics 
of his administration. There was a 
close blockade of the Continent of 
Europe by England’s Navy. Napole- 
on, the dictator of those days—like 
modern dictators—tended to minimize 
sea power. Napoleon heard of the 
Battle of Trafalgar in a small village 
in Moravia—he said there had been 
a storm at sea; there had been some 
fighting, but pooh-poohed its im- 
portance. However, the people of 
England realized the significance of 
Trafalgar—held on and fought on to 
ultimate victory, with the vital aid of 
the Royal Navy and the Merchant 
Service. 

Nothing is as new as the old. I 
should like to quote an incident in 
1801. England changed its Foreign 
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CONTENTS from the difficulties which the suc- 

pe cess of the aggressor upon the 

7 Continent have brought upon us.” 

Vol. XXVIil No. 2 That quotation was written 139 
February, 1941 Dey Ee AE O. 

In 1803, Sheridan, a Dramatist and 

PE Politician of these days, wrote an ad- 

Page dress to the people of England which 

Merchant Shipping in War-Time 33 was published in a Poster. It read— 

The Winter Convention |... AT “The enemy by a strange frenzy 


Power Arcover Damages Over- 
‘head Line Conductors .................... 51 


Drainage Pump 


The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discus- 
sion of “Hydro” matters and to main- 
tain the co-operative smrit between 
municipalities, as well as between 
municipalities and the Commission. 
Articles of interest are invited for 
publication. 


Secretary then, just before the disap- 
pointing outcome of England’s first 
stand against Napoleon. I give you 
a quotation from a letter from the 
outgoing Foreign Minister to his suc- 
cessor in 1801. 


“There is nobody to whom I 
would with more pleasure give up 
the very difficult and arduous situa- 
tion which I have held than to your- 
self. You will find it surrounded 
with embarrassments in the present 
moment from that despicable weak- 
ness which drives the Powers of 
the Continent from motives of fear 
alone into the arms of the agzres- 
sor. My unchangeable opinion is 
that firmness will, and that firmness 
alone can extricate the country 


driven, fight for power, for plunder, 
and extended rule— 

“We, for our country, our altars, 
and our homes. 

“They follow an Adventurer whom 
they fear, and obey a power which 
they hate. We serve a Monarch 
whom we love, a God whom we 
adore.” 


The “falling-out” of Allies, too, is 
not a new story. Away back in 1807, 
the Czar of Russia greeted Napoleon 
with the remark “I, too, hate the Eng- 
lish”. These words led to what was 
termed ‘an indissoluble friendship 
and Alliance.” Five years later they 
declared war on each other concerning 
a merchant ship sea passage dominated 
by Constantinople—history may re- 
peat itself in this area. 

Prior to the Great War of 1914-18, 
shipping plans discussed in peace-time 
were based on a conception of war as 
a conflict between military forces, and 
not as now, between entire popula- 
tions. Lessons learned during 1914- 
1918 in the war-time organization of 
shipping have been applied quickly 
and effectively in the present chal- 
lenge of Democracies by Dictators. 

To convey a unit by water costs 
approximately 1% cent; by rail 1 cent; 
by truck 2% cents; by air 40 cents; 
and on such cheapness of water trans- 
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portation, is founded the intense de- 
velopment of modern life upon the 
international interchange of a wide 
variety of goods between widely sepa- 
rated nations. It is not generally re- 
alized that world sea communications 
are maintained by vessels which rarely 
exceed in number 8,000. 


A nation’s Mercantile Marine con- 
sists of all types and sizes of craft. 
For the purpose of overseas trade, ex- 
perts in the United Kingdom consider 
only ships of 2,000 tons or over. For 
comparison, I may say a Duchess 
steamship is 20,000 tons, and a Beaver 
freight ship is 10,000 tons. Of such 
vessels of 2,000 tons and over there 
were in September, 1939, on the 
Registry of the United Kingdom 2,- 
475 vessels of a tonnage of 15,800,000. 

What happens to such vessels in 
war-time? A number are requisition- 
ed immediately by the United King- 
dom Government as war auxiliaries— 
armed merchant cruisers, .transports, 
hospital ships. The others are good 
hardworking freight and passenger 
vessels, and their war function is to 
carry war supplies and food. 

Naturally, in war, there is disloca- 
tion of normal sea transport. The 
working of the ordinary economic sys- 
tem is scrapped. Many ships are 
transferred from their accustomed 
routes. All sorts of strange craft poke 
their noses nowadays into Canadian 
ports. You will recall that all Ameri- 
can vessels are barred from the At- 
lantic route north of Spain. Allied 
shipping is diverted from long voyage 
routes such as Australia to the short 
North Atlantic route between Canada 
and U.S.A. Ships from the United 
Kingdom to the Orient now take the 
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long route via South Africa, due to 
Mediterranean hazards. Generally 
speaking a situation is created which 
calls for the highest degree of co- 
operation between the United King- 
dom Government and private ship- 
owners. As the present war engulfed 
almost every European Maritime na- 
tion, the Governments of the anti-Nazi 
regimes co-operated with the United 
Kingdom Government for the most 
suitable use of their merchant tonnage 
for the prosecution of the war. Four 
millions tons of Norwegian ships and 
30,000 Norwegian sailors now sail the 
seas in the interests of the Allied 
Cause. Some examples of disruption 
of normal sea trading may interest 
you. Jamaica’s banana crop is usu- 
ally sold in the United Kingdom. In 
war it is to be sold in the United 
States for what it can fetch. Ships 
which normally carry meat to Eng- 
land were recently diverted to carry 
munitions for the Libyan campaign. 
Egypt’s normal source of coal supply 
is England. In war coal is carried to 
Egypt from India in merchant ships. 


Between 1914 and 1918 there were 
many bitter experiences of the lack 
of efficiency and foresight in the regu- 
lation and control of Allied shipping. 
When Mr. Lloyd George became 
Prime Minister in 1916, he was con- 
strained to say in a speech: 


“Shipping has never been so vital 
to the life of a country as it is at 
present. It is the jugular vein, 
which, if severed, will destroy the 
life of the nation, and the Govern- 
ment feel that the time has come 
for taking over more complete con- 
trol of all ships of this country.” 
Fortunately, in 1939, the United 
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Kingdom Government set out with the 
lessons of 1914-1918 well learned. On 
the outbreak of the war, ship voyages 
were subject ‘to license by the Govern- 
ment, but the weakness in this system 
was that while the Government could 
say “No” to a shipowner with respect 
to a contemplated voyage, it did not 
enable the Government satisfactorily 
to plan ahead on a positive policy after 
due consideration of shipping needs 
in relation to the number and type of 
ships available. Now, all United 
Kingdom liners are requisitioned by 
the Government. War-time operating 
profits and losses are the responsi- 
bility of the Government, not of the 
owners. There is complete control 
also of tramp shipping. 


Such merchant shipping control, 
and its efficient administration, with 
the support of the Royal Navy, is 
mainly responsible for the success of 
the campaigns in Greece and North 
Africa. The Navy protected the 
flanks of the Armies, and the mer- 
chant ships brought the supplies and 
men to the Armies. 


In addition to the war-time control 
exercised by high taxation, such 
requisitioning ensures that war-time 
profits from ship operation accrue to 
the benefit of the entire nation, and 
not to a relatively few interested 
citizens. In the earlier periods: of the 
last war, British Ship Time Charter 
rates rose from-a peace-time level of 
75 cents per ton deadweight to $10, 
and touched $12.50. Your lady friends 
will appreciate what such a rise in 
the hire of ships meant if they woke 
one morning to find the cost of a pair 
of silk stockings had risen from 75 
cents to $12.50. As an indication of 


the difference between controlled 
rates and free rates, neutral ships in 
May, 1940, obtained $9 per ton to 
earry coal from the United States to 
South America, compared with a 
normal rate of $2.50. 


Of course, it is to be borne in mind 
that costs of ship operation rise pre- 
cipitately in war-time. Expenditures 
for a recent round voyage of an 
American ship show an increase of 
39 per cent. However, more and more, 
as the war disturbs normal activity, 
is world shipping brought under 
Government control. <A recent esti- 
mate published in the press indicates 
that 93 per cent of the world’s tonnage 
in foreign trade has been in some way 
immobilized so far as free trading is 
concerned. 

In this war all United Kingdom 
Ship owners are paid by the Govern- 
ment on a uniform rate basis for the 
hire of the ships they own. There are 
various rates for various types of 
ships, and all shipowners are obliged 
to obey the dictates of the Govern- 
ment as to the trades in which they 
employ their ships, and the conditions 
under which they will operate. 

Another form of control is that im- 
posed by the Royal Navy in the rout- 
ing of ships across the seas to avoid 
enemy action. The press has given 
publicity to the most important 
feature of this control—the Convoy 
system. Convoys are not a modern 
innovation. Away back in Cromwell 
times, Parliament passed an Act re- 
solving “that there shall be settled 
and sufficient convoys to secure the 
trade of the nation”. In 1681 Charles 
II issued a Proclamation which in 
part said,— 
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“So His Majesty doth likewise 
declare that if any of the Subjects 
shall presume to adventure to sea 
without and before the appointed 
Convoy, and shall afterwards be 
taken captive, His Majesty wiil 
leave them under such their Mis- 
fortunes.” 


In 1702, plans were considered for 
convoying 200 British ships at one 
time on an eastbound Atlantic cross- 
ing. | 

During 1916, the average monthly 
losses of British ocean-going ships 
were 24. In the first six months of 
1917, the average rose to 80. When 
the intense submarine campaign of 
1917 was at its height, 78 ships were 
lost in 14 days. The average monthly 
loss in this war has been 34. During 
the entire course of the last war, the 
average monthly rate of loss by enemy 
action was 154,000 tons. For the first 
12 months of this war the equivalent 
figure was 134,000 tons. In the war 
of 1812, 500 British ships were cap- 
tured by the Americans in seven 
months—an average of over 70 a 
month, or 18 a week. 


The rate of loss has tended to in- 
crease in recent weeks due to the 
bombing of ships from the air, adding 
to submarine attacks, but I suggest 
that we take heart from something 
that was written in the Napoleonic 
Wars, and which applies with singular 
force to-day. It was this: 

“However highly the naval tran- 
sactions of Britain, and the conduct 
of her officers and men during pre- 
ceding wars, may have tended to 
raise her consequence, and to in- 
spire foreign countries at once with 
awe and admiration, it may be fair- 
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ly asserted .... that no war has 
ever been so productive as the pres- 
ent of naval exertions many of 
them so extraordinary as to become 
almost incredible.” 


The Convoy System tends to reduce 
the number of voyages undertaken 
each year by some types of ships. A 
convoy of 30 or 40 ships, all mar- 
shalled in line for an ocean crossing, 
all of varying sizes, types and speed, 
may proceed only at the speed of the 
slowest member of the convoy fleet— 
thus causing a waste of tonnage, al- 
though every effort is made to mini- 
mize this handicap by trying to 
assemble in a convoy, ships of ap- 
proximately the same speed. More- 
over, concentration in convoy means 
an undue concentration of ships at 
ports of discharge, as many ships 
arrive around the same day instead of 
being spread out over a normal work- 
ing week. 

Mr. Churchill referred to these dis- 
advantages in the House of Commons, 
London, November 5th, when he said, 
“When I speak of our shipping ton- 
nage not being appreciable diminish- 
ed from the beginning of the war, it 
must be remembered that our ship- 
ping is not so fruitful in war as in 
peace-time, because the ships have to 
go a long way round and often zig- 
zag, and there are delays in the 
marshalling of convoys and congestion 
AUT POLS.” 

Another feature of war activity 
which slowed up the use of merchant 
shipping in the early months of the 
war, particularly neutral tonnage, is 
the blockade established by the Allied 
fleets against Germany. In the early 
months of the last war, the blockade 
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system had many loopholes, and yet 
in the winter of 1916-1917 it nearly 
brought Germany to her knees, despite 
her conquering progress on land. The 
result was, in point of fact, only post- 
poned until 1918. In the last war 
our blockade ceased at the frontiers 
of Germany and her Allies, but our 
magnificent Royal Air Force now 
reach inside Germany, destroy re- 
serves of essential commodities, and 
disrupt transportation. The United 
Kingdom Minister of Economic War- 
fare says the Royal Air Force has 
paid calls on 90 per cent of Germany’s 
refineries, and 80 per cent of her oil 
plants. Never forget that while Ger- 
many may have some reserves of oil, 
coal or other war requisites, the loca- 
tion of such reserves is important. 
With her ever spreading scenes of 
activities, Germany increases her 
transportation difficulties, and there 
is a problem in getting war supplies 
to the place where they are needed. 
The lack of freedom of movement of 
her merchant ships is a vital issue. 
It is little use having oil and sup- 
plies at Vancouver if they are needed 
promptly in Toronto. 

The Soviet Army newspaper, Red 
Star, had this to say of oil— 

“The longer the Imperialistic 
War lasts the wider will be the de- 
velopment of operations, and the 
more difficult will be the problem 
of supplying the war with its main 
source of energy—oil”. 

While we should not bolster our 
courage with the thought the blockade 
will of itself win the war, it will have 
a great and a mighty influence. Mr. 
Tolischus, the well-known correspond- 
ent of the New York Times, attributes 


to Dr. Schacht this statement: “‘Ger- 
many began the war in the state of 
1916”. The United Kingdom Minister 
of Economic Welfare said the other 
day that Germany is suffering from 
blockade-created shortages of alloys 
for hardening steel, of rubber, lead, 
copper, textiles. 

You will recall a notorious phrase 
of Herr Hitler: “Germany must ex- 
port or die’. It is estimated Ger- 
many in peace-time exported each year 
goods to the value of over £300,000,000 
Sterling. Nowadays she can neither 
export or import overseas. Her mer- 
cantile fleet languishes in port, and 
no overseas ships can convey cargo 
for her, either outwards or inwards, 
unless with the permission of the Al- 
lied Navies. Much of Germany’s mer- 
chant marine has been sunk or cap- 
tured, and over 30 per cent was tied 
up in ports from which it had diff- 
culty in escape. At the commence- 
ment of the war, the Royal Navy was 
brilliant in its dispositions in regard 
to German ships in neutral ports. 
More than half of the German mer- 
chantmen which left African and 
South American ports to act as sup- 
ply ships for German raiders were 
picked up within a few days by the 
Royal Navy. Many others returned 
to neutral ports on account of the 
Navy’s vigilance, and remain there 
after over 12 months of war. 

Incidentally, I may say that many 
knotty problems arise as a result of 
German ships running for cover. For 
example, Britishers own much of the 
cargo of these hiding ships—a recent 
estimate was to a value of around 15 
million dollars. Agreements were 
drafted and on the point of signature 
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last February for the release of the 
cargoes, but the German shipowners 
submitted extraneous and unaccept- 


able demands, which caused the nego- 


tiations to break down. Legal action 
has ‘been necessary in the neutral 
countries harboring the ships to en- 
deavor to get release of the cargoes. 
Another interesting legal issue has 
been raised by the scuttling of Ger- 
man merchant ships on being stopped 
by Royal Navy units. The point at 
issue is, should scuttling a ship to pre- 
vent it from falling into the hands of 
the enemy be considered a legal war 
risk on which insurance may be col- 
lected, or is it barratry, for which the 
ship’s master may be held criminally 
responsible. 

One of Germany’s prominent eco- 
| nomists, writing several months ago 
in an important German periodical, 
said this: 

“We must face the facts. They 

are the same as in 1914-1918. 

England’s power has brought the 

German overseas trade to a com- 

plete standstill.” 

The same economist said: 

“German ships are lying in 
more than 100 harbors all over 
the globe. Those goods and ships 
are blockaded by the British 

Navy, and part of them already 

have been confiscated. The whole 

import and export trade, particu- 
larly the exporters, made the 
greatest efforts to carry out Der 

Fuehrer’s wishes; and the result 

is that Kiel, Luebeck, Bremen, 

and Hamburg are all gradually 
heading toward ruin.” 

It is said that these frank dis- 
closures by the German economist 


FEBRUARY, 1941 


were due to controversies between 
leading German personalities on the 
question of high trade policy. Since 
these words were written our irre- 
pressible Air Force has hastened the 
ruin of Bremen and Hamburg. 


In Italy, the same blockade effects 
are becoming obvious. There is a 
shortage of fats in Italy, as in Ger- 
many. For industry, Italy is gravely 
short of rubber, and is shy on copper 
and steel. Coal is a perpetual sore in 
Italy, and Germany has recently in- 
creased the price of coal she sends to 
Italy over her much-congested rail 
facilities. Normally about 84 per 
cent of all Italian imports arrive by 
merchant ships and only 16 per cent 
enter across land frontiers. Eighty 
per cent of the sea imports were car- 
ried by ships which passed through 
the narrow Straits of Gibraltar. Re- 
ports to the American Government in- 
dicate that due to lack of sea tanker 
supplies of oil, Italy is getting by the 
land routes only 30,000 tons of oil 
monthly, whereas she needs 200,000 
tons each month. Every indication 
points to Italy’s economic plans being 
designed to meet the needs of a very 
short war. 

Bear in mind that ever since the 
proud days of the Romans, every 
statesman who has had to deal with 
the German people has recorded them 
as being a people who understand 
nothing but attack and success. They 
are not capable of sustained resistance 
and suffering such as the effective 
British blockade imposes. To the 
blockade situation and its implica- 
tions, therefore, one may get a clue 
to the rash haste with which Ger- 
many seeks to get a quick military 
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Germany must win a short 
In August, 


decision. 
war or lose a long one. 
1914, Bethmann-Hollweg said: “It 
will be a violent storm, but very 
short. I count on a war of three or 
at the most of four months.” 

During the present war, the rigid 
blockade measures were put into ef- 
fect much earlier than in the last war, 
and ought to bring correspondingly 
quicker results. Bear in mind the 
wide continental area controlled at 
present by Germany has not hereto- 
fore been able to feed itself. It has 
imported foodstuffs. Another factor 
is that. Germany is obliged to use sev- 
eral food commodities for articles of 
war. Potatoes become motor spirit. 
Milk is transformed into plastic ma- 
terials for aircraft and fats are used 
for the manufacture of munitions. 
Moreover, the United Kingdom nor- 
mally sends each year 30 million tons 
of coal to France, Scandinavia, Italy, 
and other European countries. Think 
of what the absence of this coal means 
to industrial production and _ trans- 
port, and to domestic comfort this 
winter. The conquered countries do 
not have rubber plantations, no large 
synthetic oil plants, and no material 
deposits of ferro-alloys. Some ex- 
perts claim Germany can hold on by 
the use of substitutes, but take rub- 
ber as an example. No rubber can 
now enter Germany by sea, and her 
entire rubber industry was designed 
to work on natural rubber. To force 
the industry to gear for synthetic rub- 
ber demands more powerful process- 
ing machinery, and the shortage of 
such machinery is a bottle-neck. 

The view expressed in a Report 
submitted by a Harvard University 


Group, and prepared by John D. 
Black, Professor of Economics of 
Harvard, is that if the war goes on 
a serious food situation will affect 
the entire Continent of Europe. 


What does the blockade mean? The 
Allies, with control of the seas, domi- 
nate the sea avenues to Germany and 
to countries adjoining Germany. 

A simple picture of the blockade is 
obtained if you picture a map, and 
have in mind that access to European 
ports, with two notable exceptions, 
can be obtained only through three 
narrow strips of water: 


(1) The 21 miles wide Straits of 
- Dover. 


(2) The 8 miles wide Straits of 
Gibraltar. 


(3) The 10 miles wide Straits domi- 
nated by Aden. 


The Royal Navy holds power over 
these three inlets to Europe. The 
two exceptions are the 200 miles sea 
opening between Shetland Islands 
and Norway, and the Atlantic Coast 
ports of France. The Shetlands open- 
ing is patrolled, ceaselessly by the 
Naval units, but the long nights of 
darkness help the enemy. The care 
of the coast of France is a difficult 
naval task, as the region is infested 
with submarines. However, England 
is helped in this area by the fact that 
the Atlantic Coast ports of France, 
except Le Havre, have very limited 
wharf space to handle cargoes, there- 
fore limiting the freight movement, 
and the Royal Air Force takes care 
of Le Havre by bombing it regularly. 


Under the blockade, the masters of 
all ships destined for the very few 
remaining free countries of Europe 
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are obliged to adopt the following 
courses: 


(1) Give an assurance, verified and 
certified by United Kingdom 
Consular Officers, that the cargo 
carried is not destined to, or 
comes from, Germany or its Axis 
partners. 


If such assurance does not cover 
all the cargo on board, the ship 
is stopped at sea and the master 
may be directed to take his ship 
to an Allied port. There the 
cargo is examined to check its 
bona fides. 

Shipping delays due to the blockade 
are minimized by the operation of the 
Navicert System in the United States 
and elsewhere. The system was the 
invention, in the last war, of an Amer- 
ican Consul-General in London, and 
consists of the granting by British 
Consular officers, after appropriate 
application and examination, of com- 
mercial certificates to exporters in the 
United States, South America and 
around the world. Such certificates 
accompany the freight on a ship and 
provide immediate assurance to Royal 
Navy units that the freight is not 
contraband. In other words, neutral 
exporters may ascertain in advance 
whether at time of shipment there is 
likely to be any Allied objection to 
any particular consignment of goods 
passing through the blockade. <A 
passenger has a passport to facilitate 
his travel across frontiers, and bona 
fide commercial freight may now get 
a passport to cross the frontier of the 
Allied blockade. This system ensures 
the blockade operating on the wharves 
in port as well as at sea. 
gust 1 over 20,000 applications were 
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Since Au-. 


received for Navicerts of which only 
11,000 were issued. 


As some indication of the effective- 
ness of the blockade, goods seized in 
one year by order of the United 
Kingdom Contraband Committee 
alone amount to more than 750,000 
tons. To bring this figure to a more 
understandable unit, it represents 
around 30,000 railroad cars of freight 
Ortoo! trains; of ob ycars..each. — To 
this total must be added a still larger 
volume of freight which would have 
started on its way to enemy-controlled 
countries, but did not do so on account 
of the efficiency of naval patrols. Take 
note of this blockade point. The Re- 
publics of South America, and the 
United States, have been dependent 
in peace-time upon the markets of 
Europe, including the United King- 
dom, for about 44 per cent of their 
surplus production. This entire trade 
to Europe is barred to all Europe ex- 
cept with the permission of the Royal 
Navy. - 

Another system of ship control was 
publicly announced recently by Mr. 
Dalton, Minister of Economic War- 
fare. Ship Warrants are issued to 
ships engaged in overseas trade asso- 
ciated with the Allied Cause. About 
75 per cent world shipping has such 
Warrants. Trading is made difficult 
for ships without a British Warrant 
and which are endeavoring to oper- 
ate against the Allied Cause. British- 
controlled commercial facilities are 
world wide—bunkering, fresh water, 
stores, repairs, marine insurance, 
credits, and these facilities may ‘be re- 
fused to a ship without a Warrant. 

You will recall a remark of Lord 
Curzon in the last war that “The 
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Allies floated to victory on a sea of 
oil’. The purchase and shipment of 
petroleum in the United States to 
Germany during the last four years 
before the war showed a greater in- 
crease than those to any other Euro- 
pean market, presumably an effort to 
accumulate reserve stocks for war 
purposes. The Allied blockade has ef- 
fectively blocked all overseas supplies 
of oil to Germany, and you probably 
observed the other day an appraisal 
of an oil expert in the United States 
who had this to say: 

“The Germans are shy on their 
minimum requirements in the neigh- 
borhood of 2,000,000 tons of oil. 
Therefore, the moment the reserve 
stocks—to which can be added the 
4,000,000 tons from the captured 
countries—have been consumed, Ger- 
many will be desperate for petrole- 
um. If the estimate of an annual 
consumption of 15,000,000 tons for 
the Nazi blitzkreig machine is cor- 
rect, then Germany will be in a bad 
Shape very quickly.” 

A recently published estimate of 
the total Nazi oil supply within the 
next 12 months amount to 129 mil- 
lion barrels secured from Roumania, 
from German production, from coun- 
tries under German control, and re- 
serves and booty. Such a figure of 
129 million looks big, but in 1939 
the civil consumption—not war con- 
sumption—of Continental Europe was 
230 millions barrels. It is true, civil 
consumption can be drastically cut in 
war, but only at the expense of in- 
dustrial activity and of transporta- 
tion facilities. 

Bear in mind that while England 
cannot blockade Germany from the 


land side to the eastward, transporta- 
tion difficulties help the Allies. The 
great water highway of the Danube 
from the Balkans freezes for several 
weeks each winter, and many vast 
stretches of Eastern Europe have not 
modern automobile highways to re- 
lieve the strain. On the railroad 
situation, Germany is short of freight 
cars, and is seizing all the cars she 
can lay hands upon in conquered 
countries. Ever since the advent of 
the Nazi regime the railroad system 
of Germany has been neglected, and 
the tremendous strain of seven 
years’ war preparation is being re- 
vealed in mishaps, break-downs, and 
other operational weaknesses. The 
policy of guns for butter was 
matched by airplanes for railroads. 

While war dislocates overseas gen- 
eral trade, one notes with pride that 
the imports into the United States 
from the United Kingdom increased 
by value 80 per cent in a recent month 
compared with the average of pre- 
war month. In July last 25 per cent 
more shipping left United Kingdom 
ports with cargoes for all ports in 
America compared with more peace- 
ful periods. Exports through New 
York to the United Kingdom rose 
from about 15 million dollars in July, 
1939, to 71 millions in July, 1949. 
Such war-time trade could only be 
undertaken by the Royal Navy’s 
domination of the seas and the Mer- 
chant Navy’s extraordinary versa- 
tility. 

As is experienced in all aspects of 
national life, one form of govern- 
mental control leads to another. Hav- 
ing secured control of the ships to 
carry supplies, the United Kingdom 
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Government soon felt obliged to con- 
trol ship cargoes themselves. Such 
control eased the responsibility of 
shipowners who were engaged in 
practical problems of ship manage- 
ment, and placed the selection of 
cargoes on those whose function was 
to study and to know the relative 
importance of cargoes. 

Like all Government regulatory 
systems, the cargo control system has 
its weaknesses. As one expert says 
of the last war: 


“Tf barley for brewing is excluded 
as an import, the brewers will buy 
the home barley that would other- 
wise have gone to feed pigs, or 
been used in the manufacture of 
munitions, and an extra demand 
for imported barley will be made 
on the unquestionable ground that 
it is wanted for munitions or for 
the essential meat supplies of the 
country.” 


During this war England may have 
a disaster—a shortage of beer. Trans- 
portation difficulties may cause the in- 
troduction of beer rationing. 

Ship control leads to cargo con- 
trol, and cargo control leads directly 
or indirectly to control of the purchase 
of commodities. The United Kingdom 
Government now have direct control of 
the acquisition and distribution of the 
main articles of food and raw material. 
The Government itself determines 
how much wheat, or timber, or 
metals, or sugar it desires to have, 
and selects the ships to carry it. In 
this connection the Ministry of Food 
of the United Kingdom is now the 
world’s largest international pur- 
chaser of food, and the ocean move- 
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ment of overseas food purchases is 
a vital shipping problem. 

There are a few brief sidelights on 
Merchant Shipping in war. They re- 
late more to policy than to personnel, 
but it is unnecessary to stress to a 
Toronto audience the deeds of dis- 
tinction performed almost daily by 
the masters, officers and men of the 
Merchant Service, who are civilians 
carrying on peace-time work. Many 
of them are above age at which 
men are called up for military ser- 
vice. If they desired they could stay 
ashore, but their pride and courage 
takes them again and again to sea. 
It is the courage of free men fighting 
for freedom. Here is an extract from 
a report of a ship in Convoy— 

“Late afternoon—It is bitterly 
cold. Snow squalls hide the shore, 
and snow is crusting on deck. The 
crew of one of the guns installed 
for defence is playing “follow the 
leader to keep warm. The Captain 
wears a heavy wool-lined canvas 
coat over layers of sweaters, 
fleeced lined boots, fur-lined mit- 
tens and then gloves. His head is 
covered by a knitted wool helmet. 
He does not look like the officer 
who recently was honored by The 
King with the Distinguished Ser- 
vice Cross.” 

Will you think of these Merchant 
Seamen coming and going, without 
publicity and without fuss; their 
daily challenge to the efforts of the 
enemy, on sea, under the sea, and in 
the air; and the untold value of their 
work to carry supplies for the Allied 
Cause. Truly do such men merit 
commendation from the peoples of 
the Empire. 


44 THE BULLETIN 


MITT THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO qiiiiitiiittitiiliiiiiieiiniiiuein 


Dr. T. F. Robertson 
Brockville 


Dr. Thomas F. Robertson, Commis- 
sioner of Brockville Public Utilities 
Commission passed away at his home 
in Brockville on the evening of Wed- 
nesday, December 29th, 1940, in his 
seventy-second year. 

Dr. Robertson, who would have 
completed 50 years in the practice of 
medicine in the course of a few 
weeks, was born in Spencerville, On- 
tario. In 1891 he graduated in medi- 
eine from McGill University, Mon- 
treal, and immediately entered into 
practice in Brockville, where he re- 
mained ever since, attending to a 
large practice until his final illness. 


In public life, he took a keen inter- 
est in the welfare of the community. 
He served for some years on the 
Board of Education, and in 1922 was 
elected to the Brockville Public Utili- 
ties Commission, of which he con- 
tinued a member until the time of his 
death. During his service on the 
Commission he was Chairman in 
192451927, 1929, 193822 )9Sbcand os. 


In addition to his interests in 
Brockville and the medical profes- 
sion, he operated a farm east of Mait- 
land, where he specialized in breed- 
ing Holstein-Friesian cattle, and 
served as an officer of Holstein or- 
ganizations in the district. 

Dr. Robertson was revered for his 
kindly disposition, and certainly wil] 
be missed on the Brockville Commis- 
sion. First and last he was a gentle- 
man. 


PE 


Rev. F. C. Elliott 
Ingersoll 


On Friday afternoon, January 24th, 
1940, Ingersoll suffered a severe loss 
in the death of Rev. Frederick 
Charles Elliott, Chairman of the local 
Public Utilities Commission. He 
would have been 70 years old had he 
lived until next August. 


Mr. Elliott was born at Culloden in 
Dereham township, Oxford county. 
His family was distantly connected 
with Nancy Elliott, the former 
Vienna, Ontario, school-teacher, who 


was the mother of Thomas Alva 
Edison. 
On graduation from Woodstock 


Baptist College, he entered the min- 
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istry of the Baptist Church, serving 
at Port Rowan, Waterford, Toronto, 
Haileybury and Goderich. In 1929 he 
resigned his pastorate at Goderich 
and went to Ingersoll, where he lived 
retired until a few years ago when 
he took charge of the Beachville Bap- 
tist Church. | 

As a resident of Ingersoll, he was 
keenly interested in the affairs of the 
community. He served for a term as 
President of the Ingersoll Chamber of 
Commerce after which, in December, 
1932, he was elected to the Public 
Utilities Commission for a term of 
two years, and since then has served 
there continually until his death. In 
1934 he was elected Chairman of the 
Commission, which office he held each 
succeeding year excepting in 1939. 
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His ability was soon recognized at 
meetings of the Ontario Municipal 
Electric Association, when he was 
elected as vice-president. In 1938 he 
was elected president of the O.M.E.A., 
and again in 1939. Since then he has 
been an honorary vice-president. He 
was also a member of the Municipal 
Hydro-Electric Pension and _ Insur- 
ance Committee. 

Mr. Elliott had a broad outlook 
upon life and was tolerant of the view- 
point of others. He possessed a de- 
lightful humor and was a cheerful 
companion. A good citizen and faith- 
ful pastor, he enjoyed a unique place 
in the regard of his community, and 
also of the Hydro organization. 


BPO 


W. T. Dudley, Midland 


William T. Dudley, who for over 
thirty years was a member of Mid- 
land Public Utilities Commission, died 
at his home on Monday, February 
10th, 1941. He was in his seventy- 
eighth year, thirty-nine of which had 
been spent in public service to the 
town of Midland. 

Born at Zion near Cannington, he 
spent his early manhood in the em- 
ploy of the Grand Trunk Railway on 
track construction and yard work, and 
for a while in a machine shop in Lind- 
In 1893 he was sent to Midland 


say. 
as engineer in the old Midland For- 
warding Company elevator, which 

He was 


post he held for twelve years. 
then made inspector of railway water 
services of the Northern Division of 
the Grand Trunk Railway, covering 
ground between Toronto and North 
Bay and as far east as Peterborough. 
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When the Aberdeen Elevator was 
completed at Midland, he was made 
chief engineer, which position he fill- 
ed until recently. 


His municipal record started when 
he was elected to the town council, 
where after three years of service he 
became mayor, and it was during his 
term of office that the Duke of Devon- 
shire visited Midland. On the forma- 


tion of the Water and Light Commis- 
sion, afterwards the Public Utilities 
Commission, he was made a member 
and has served there continuously un- 
til his death. Midland was the first 
municipality in the Georgian Bay 
system to enter into a contract with 
The Hydro-Electric Power Commis- 
sion for a supply of power from Big 
Chute, and this was due largely to 
Mr. Dudley’s efforts. During the 
thirty years that Midland has been 
taking power, he has always been a 
staunch supporter of Hydro and has 
worked continuously for its success. 


Mr. Dudley’s long, unbroken period 
of service in the interests of Midland 
reflect his happy, genial disposition. 
Not only in his home town, but in 
other parts as well as among his 
Hydro associates, he had a host of 
friends who held him in the highest 
esteem. 


He was proud of his Irish ancestry, 
his father being from Cork and his 
mother from Caven. He used to say 
that he would be ashamed to be any- 
thing else than an Irishman. 


Big Chute development, Severn river. 
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The Winter Convention 


HE 1941 Winter Convention 

of the Ontario Municipal Elec- 

tric Association and the Asso- 

ciation of Municipal Electri- 
cal Utilities held at Toronto, on Feb- 
ruary 4th and 5th, had two sessions 
that were held jointly by the two 
associations. At one of those ses- 
sions, where it had been arranged to 
haves Drei. He Hogs, Chairman of 
The Hydro-Electric Power Commis- 
sion of Ontario speak, owing to Dr. 
Hogg’s inability to attend on account 
of illness, Hydro Commissioner J. 
Albert Smith gave an address en- 
titled ““Hydro is Prepared’. Another 
feature of the same session was the 
showing of the Hydro sound film. 
“The Bright Path’. The other joint 
session was devoted to a paper given 
by H. D. Rothwell, Assistant Engi- 
neer, Municipal Engineering Depart- 
ment and Chairman of the Truck 
Committee of The Hydro-Electric 
Power Commission of Ontario on 
“Utility Transportation”’. 

In the A.M.E.U. separate sessions 
there were two papers and also two 
others at the Breakfast Session ar- 
ranged by the Committee on Account- 


ing and Office Administration. In a 
paper, “Power Arcover Damages, 
Overhead Line Conductors’, G. A. 


Matthews, Inspection and Equipment 
Engineer, Electrical System of the 
Detroit Edison System described ex- 
perimental and development work 
done by his company on this subject. 
By means of demonstration equip- 
ment, G. F. Mudgett, Manager Illu- 
mination Department, Canadian West- 
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inghouse Company, Hamilton, de- 
scribed, “The Fluorescent Lamp—Its 
Auxiliary Equipment and Operating 
Characteristics”. “Storing Records” 
was the subject discussed by Allan 
McKenzie, Archivist of the Canadian 
Bank of Commerce, Toronto, in his 
address at the accounting session; and 
Robert Jarvie, Accountant of the Pub- 
lic Utilities Commission of Windsor, 
read a paper on “Accounting, Ancient 
and Modern.” 

Following the paper on _ Utility 
Transportation two resolutions were 
adopted. One of these resolutions 
provides for the formation of a Utili- 
ties Transportation Committee to 
study and report on all problems con- 
nected with utility transportation. 
The second resolution named H. D. 
Rothwell as Chairman of the Utilities 
Transportation Committee who was 
empowered to make up his committee 
from the A.M.E.U. membership. 

There were collections taken dur- 
ing the convention in aid of the Brit- 
ish War Victims Fund; the total 
money collected for this purpose 
amounting to $270.45. 


3 SV 
cr 


O.M.E.A. 

During the O.M.E.A. sessions of 
the convention the following resolu- 
tions of general interest were adopted. 
Re: Municipal Hydro-Electric Pen- 

sion and Insurance Plan: 

“THAT, as the matter of Pension 
and Insurance only affects sixty Muni- 
cipalities; AND, as the letter advis- 
ing these Municipalities of the pro- 
posed changes in benefits was only 
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sent out on January 23rd last, and 
as a result, the Commissioners have 
not as yet had an opportunity to go 
into this matter thoroughly,—BE IT 
RESOLVED THAT we do not discuss 
this matter at this time; but that the 
President of this Association be in- 
structed to call a meeting of all Mu- 
nicipalities who participate in the Mu- 
nicipal Hydro-Electric Pension and 
Insurance Plan, some time in March, 
to discuss the proposed changes in 
Benefits—that the objects of this 
meeting be set forth in the notice— 
and that we ask Professor M. A. Mac- 
kenzie, Actuary to the H.E.P.C. of 
Ontario, to attend this meeting, to- 
gether with representatives of the 
Hydro-Electric Power Commission of 
Ontario Legal Department, repre- 
sentatives of the Confederation Life 
Association, and the members of the 
Municipal Hydro-Electric 
and Insurance Committee.” 


Pension 


Re: Summer Convention, 1941: 
RESOLVED THAT the Ontario 
Municipal Electric Association shall 


not hold a Summer Convention in 
1941. 
Re: War Savings Campaign: 

RESOLVED THAT the Ontario 
Municipal Electric Association 
the War Savings Campaign, 
and asks that all our Commissions co- 
operate by endeavoring to have their 
employees come under the scheme. 
Re: Deceased Members: 

THAT suitable resolutions be pre- 
pared and placed on the Minutes of 
this Association regardng the contri- 
butions made to the development of 
Hydro in Ontario and to this Associa- 
tion by Mr. T. J. Hannigan, Mr. F. C. 
Elfioth and Driv s. Boyd, all “of 


en- 
dorses 


whom were former officers of this 
Association, and who have passed 
away during the past year. 

Officers elected for 1941 are as fol- 
lows :— 

Honorary-President: Dr. T. H. Hogg, 
Chairman, H.&-P.C, of Ontario: 
Honorary Vice-Presidents: T. A. Mc- 
Farland, London; Jos. Gibbons, To- 
ronto: \F. Biette;: Chatham; G., »: 


Matthews, Peterborough; C. J. 
Halliday, Chesley; John Kalte, 
Hanover. 


Présidentz7 Dro W. J S.Chapmaicms 
Catharines. 

Vice-Presidents: 
District No. 1-—-W. R. Strike, Bow- 


manville. 

District No. 2—-A. Menary, Grand 
Valley. 

District No. 3—J. R. Pattison, Fort 
William. 

District No. 4—K. A. Christie; K.C., 
Toronto. 

District No. 5—Keith MacLeod, 


Stamford Centre. 
District No. 6—E. L. Box, Seaforth. 
District: Nov 7-—Pe2 “KK: @Lockes-not 


Thomas. 
District No. 8—Garnet Edwards, 
Windsor. 
Acting Secretary-Treasurer: Miss 
K. Ciceri, Guelph. 
District Directors: 
District. No.’ 1.— Jas. ~ Halhday; 


Kingston; M. P. Duff, Belleville. 
District No. 2—R. D. Boyes, Allis- 
ton; W. V. Brown, Meaford. 
District No. 8—M. P. Benger, Port 
Arthur: 7°R.7 7G, = Walsh ob ore 
Arthur. 
District No. 4—E. W. McCulloch, 
Brampton; E. W. Grant, New 
Toronto. 
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District No. 5—C. D. Hanniwell, 
Niagara Falls; R. Peirson, Brant- 
ford Twp. 

District No. 6—H. O. Hawke, Galt; 
Fi. HeoMay, St. Marys. 

District No. 7—-J. B. Hay, London; 
B. N. Downing, Beachville. 

District No. 8—Geo. N. Galloway, 
Samia: F. A. Fitzgerald, 
Petrolia. 


* * Xe * 


AUM,E.U. 


There was but one A.M.E.U. com- 
mittee report submitted, namely that 
of the Rates Committee, which was 
adopted. Referring to the Commit- 
tee on Accident Prevention and Health 
Promotion, notice was given of a mo- 
tion to be presented at the next con- 
vention of the association to have 
that committee discontinued. 

The following officers were elected 
for the year 1941: 

President: C. E. Brown, Meaford. 

Viee-T resident:. VN. +A. McKillop, 

London. 
secretary: S. R. <A: “Clement, 
H.E.P.C. of ‘Ontario, Toronto. 
Treasurer: George E. Conn, 
Heb e.C. ot Ontario, Toronto. 
Directors (from the membership at 
large) :-— 

G. E. Chase, Bowmanville; O. M. 

Perry, Windsor;-P. B. Yates, St. 

Catharines. 

District Directors: 
Niagara District—R. 8S. Reynolds, 
Chatham. 
Georgian Bay District—R. S. King, 
Midland. 
Central, District—C. A. Walters, 
Napanee. 
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Eastern District—R. J. 
Perth. 

Northern District—R. B. Chandler, 
Port Arthur: 


Smith, 


Standing Committee for the year 
were drafted at a meeting of the 
Executive Committee held during the 
Convention as follows:— 


Papers Committee: G. E. Chase, Bow- 
manville, Chairman; A. W. Bradt, 
Hamilton; J. W. Peart, St. Thomas; 
C. E. Schwenger, Toronto; C. W. 
Hookway, Canadian Westinghouse 
Company, Toronto; H. D. Rothwell 
and M.7J. MicHenry, =H.E-P.C, sof 
Ontario, Toronto. 

Convention Committee: V. A. McKil- 
lop, London, Chairman; J. E.- B: 
Phelps, sarnia.’ J. E. Teckoe Jr. 
Tillsonburg; F. A. Mahoney, Cana- 


dian General Electric Company, 
Toronto; E. G. McCracken, San- 
gamo Company, Toronto; W. R. 


Greenshields, Canada Wire & Cable 
Company, Toronto; W... Dixon, 
Canadian Westinghouse Company, 
Toronto; D. C. McKellar, Northern 
Electric Company, Toronto; J. N. 
Wilson and D. G. Ferguson, H.E. 
PG or Ontario, Toronto. 


Regulations and Standards Commit- 
[Cems 5. sChandler, ‘Port, Arthur, 
Chairman; S. W. Canniff, Ottawa; 
iowa ates, oly. Catharines Oe. 
Scott, Belleville; R. L. Dobbin, 
Peterborough; T. R..C. Flint, To- 
rontoweeayw. KR. Catton, Branttord: 
peep eelaAnson. 7 oltravrord ss Gund. 
Moors, Fort William; A. G. Hall, 
Wee Dobson-and: Ja J: aetery, 
H.E-P.C: of Ontario. 

Committee on Accident Prevention 
and Health Promotion: R. J. Smith, 
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Perth: Chairman: P.-B.. Yates; ot. 
Catharines; J. E. B. Phelps, Sarnia; 
C. E. Schwenger, Toronto; J. W. 
Peart, St. Thomas; -R.. Harrison, 
Scarborough Twp.; V. A. McKillop, 
London; R. L. Dobbin, Peterbor- 
ough; A. B. Manson, Stratford; A. 
W. Murdock, B. Mulholland, V. A. 
Beacock and Wills Maclachlan, 
HPC aot “Ontario; loronto. 


Merchandising Committee: O. M 


Perry, Windsor, Chairman; O. H. 
Scott, Belleville; F. S. Rhoads, 
Windsor; R. W. Turner, Hamilton; 
KR. s. Reynolds; Cnavnam.- Hj aK. 
Hatcher, Galt; A. W. J. Stewart, 
Toronto; O.-C. Thal: Kitchener; F. 
Wilkinson, London; E. Parsons, 
Sarnia; R. Robinson, Stratford; S. 
W. Canniff, Ottawa; R. L. Dobbin, 
Peterborough; J. W. Peart, St. 
Thomas; M. J. McHenry, W. Dy- 
mond and J. J. Jeffery, H.E.P.C. of 
Ontario, Toronto. 


Rates" Camnmtice. “bb Yates; ot. 


Catharines, Chairman; W. R. Cat- 
tons -Brantiord;-_~A, 75. . Manson; 
Stratford; G. E. Chase, Bowman- 
ville; O. H. Scott, Belleville; O. M. 
Perry, Windsor; R. S. Reynolds, 
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Ghatham *-T. RCAF lint-and: Be WwW. 
Peasnell, Toronto; R. B. Chandler, 
Port Arthur; A. W. Bradt, Hamil- 
ton; V..A2 MeKillop, Londons. 
Jeffery, G. F. Drewry and S. R. A. 
Clement, H.E.P.C. of Ontario, To- 
ronto. 


Committee on Accounting and Office 


Administration: C. <A. Walters, 
Napanee, Chairman; Geo. Appleton, 
Toronto, Vice-Chairman; R. S. 
King, Midland; H. R. Hatcher, 
Galt; A. B. Manson, Stratford; J. 
W. Hammond, Hamilton; W. E. 
Wallace, Windsor; M. A. Gough, 
East York Twp.; C. W. Eastwood, 
London: P. EK. Battram, Sarnia; 
Ralph C. Parker, Penetanguishene; 
A... M. .. Bowman, Elmira; ch. he 
Ditchburn, Strathroy; H. Clegg, 
Peterborough; T. W. Houtley, Wel- 
land; M. W. Rogers, Carleton Place; 
A. D. Nelson, Kingston; W. M. 
Salter, Barrie; G. W. Grabb, Ches- 
ley; O. H. Seott, Belleville; Wm. 
Tait, Picton; R. H. Martindale, 
Sudbury and R. M. Bond, H.E.P.C. 
of Ontario, Toronto. 


Auditors: H. P. L. Hillman, Toronto 


and: We 'G. Pierdon, HBP Ces 
Ontario, Toronto. 
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Upstream view of Tretheway Falls development, South Muskoka river. 
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Power Arcover Damages 
Overhead Line Conductors 


By George A. Matthews, Inspection and Equipment Engineer, 
Electrical System, The Detroit Edison Company, 


Detroit, 


HE Detroit Edison Company 

decided some time ago that too 

many conductors were being 

dangerously damaged by power 
ares on its 4,800-volt overhead lines 
of the distribution circuits, and 
opened a project to find ways and 
means to reduce are damage and -the 
number of falling wires. 

This Company operates 55,000 con- 
ductor miles of wire in its overhead 
4,800-volt distribution system. In the 
years of 1938 and 1939, there were, 
respectively, 703 and 993 cases of 
trouble in distribution circuits in 
which wires fell to the ground. (See 
Exhibit A in the Appendix to this 
paper.) This is good performance; the 
expectancy of wires down is only one 
break per year in 65 miles of wire, 
but further analysis brought out the 
facts that at least 50 per cent of the 
cases of wires down were initiated by 
transient causes and that the ares re- 
sulting therefrom would not have 
seriously damaged the wire if they 
had been limited to a shorter dura- 
tion. Furthermore, it is obvious to 
all operators that the number of wires 
down should be kept to an absolute 
minimum for reasons other than re- 
ducing customer outage. It natur- 
ally follows that, if the number of 
wires down can be reduced, service 
continuity and customer outage will 
be improved proportionately. 
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Michigan 


Distribution circuit performance 
records were available, which when 
studied, showed that nearly all con- 
ductor failures were caused by power 
arcover damage that had occurred 
during electric, wind or sleet storms. 
The exceptions were mostly cases 
where foreign conducting objects 
were drawn or thrown into the 
line conductors subsequently to 
cause power arcs. Therefore, it 
seems that the causes that produce 
the greatest number of power arc- 
overs in overhead distribution lines 
will remain outside of our control. It 
is apparent then, that power arcovers 
are inevitable and the problem be- 
comes one of accepting the are on 
these conductors and of providing pro- 
tective equipment by which the dura- 
tion of the arc will be limited in over- 
all time, and to such an extent that 
the damage will not be objectionable. 


With this theory in mind, a study 
of the behavior of conductors under 
power arcover was made. It was found 
that: 


1. With time-delay or ‘“instantane- 
ous” operations of conventional 
switchgear, serious damage to con- 
ductors could not be prevented. 


2. To protect conductors against 
burndown, the duration of arcing 
must be limited to values of % to 
2 cycles (60 cycle basis), depend- 
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ing upon the size of conductor and 

the amperes in the arc. 

3. Switchgear meeting these overall 
time requirements was not avail- 
able in the usual markets. 

4. It would be necessary to develop 
new switchgear if the object of the 
project was to be accomplished. 
The equipment finally developed has 

been thoroughly tested in the labor- 
atory and found to meet the perform- 
ance specifications. Some of this 
equipment has been in trial service in 
the Detroit area for one year. It has 
performed satisfactorily throughout 
this time. It functions to clear an 
arc in \% cycle with restoration of 
voltage in 6 cycles total time. More 
of this equipment is now being in- 
stalled for trial purposes. 

Although actual trial operating ex- 
perience is limited to one year, it is 
felt that presentation of the labora- 
tory data concerning are damage to 
conductors and a description of the 
newly developed equipment will be of 
interest. 


METHOD OF TESTING 

For the purpose of these tests an 
experimental line was set up in an 
outdoor laboratory so that test condi- 
tions would simulate actual service 
conditions. Tests were made with 
horizontal conductor spacings of 28, 
50 and 88 inches, and with varying 
vertical spacings up to 48 inches. Both 
bare copper and bare aluminum con- 
ductors were included in the tests as 
well as covered copper wire. Tension 
in the line was made to conform with 
regular practice for each size of wire. 
All tests were made single phase at 
5,000 volts, ungrounded. The current 
was varied from 100 to 5,000 amperes. 


3 STRINGING TENSION 


NO.6 SOLID 


140 LB 
210 LB 
} 340 LB 
NO.1foSTRANDED 550 LB 
4/0 STRANDED 1050 LB 


CYCLES 
® 


AMPERES 


FIG 1 


BURNDOWN CHARACTERISTICS 
OF COVERED COPPER WIRE AT 5000 VOLTS 
CONDUCTOR SPACING 28 INCHES 
Short circuits were initiated in the 
following manners: 

1. Tree limbs of soft and hard woods. 
both green and dry, were placed 
across the line. 

2. The condition of conductors mo- 
mentarily swinging together was 
simulated by tying the wires to- 
gether at midspan with No. 40 
copper magnet wire. 

3. Power arcovers between conduc- 
tors at rest were initiated by pull- 
ing a single thread of No. 40 
copper wire across the line. 

Electrical and time measurements 
were made with a magnetic oscillo- 
graph, and the extent of damage to 
conductors was measured by the usual 
laboratory methods. 


TEST RESULTS 

Ampere-time capacity of an arc to 
fuse conductors is shown in Fig. 1. 

The time scale in the figure repre- 
sents the interval between the instant 
the arc was established and the in- 
stant the metallic continuity of the 
circuit was broken. In other words, 
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TABLE I 
DECREASE IN TENSILE STRENGTH OF INSULATED WIRE DUE TO 
ARC-CURRENT DAMAGE 
: Duration of Tensile Reduction of Tensile 
Arc-Current, Are, Strength Strength 
of Peete: 
] opper, 
Amperes Cycle 7 Lb. Per Cent. 
No. 6 Covered copper wire—Initial tensile strength, 1,165 lb. 
(Average of six specimens) 
AUGeake * Negseres, oe 1020 145 12.4 
700 1 990 175 15.0 
1000 3, 970 195 16.8 
1100 3/4, 940 225 19:3 
1500 5f 830 335 28.8 
1900 yD 795 370 31.8 
No. 4 Covered copper wire—Initial tensile strength, 1,680 lb. 
(Average of three specimens ) 
2500 3/4, 1265 415 24.7 
4300 5p 1225 455 Zu 
No. 2 Covered copper wire—Initial tensile strength, 2,820 lb. 
(Average of three specimens ) 
4300 5g | 210 505 tig 
7000 Vy | 2225 595 rash 
it does not include the time that arc- termine the loss of mechanical 


ing continued after the wires broke. 

It can be seen from the curves that 
any are of current and duration rep- 
resented by a point to the right of a 
- given curve will result in fusing of 
that size of conductor. Any combina- 
tion represented by a point to the left 
of the curve will not cause complete 
mechanical failure of the wire but will 
cause some degree of damage. To de- 
termine the extent of such damage, 
conductors were subjected to ares of 
various current magnitudes and dura- 
tions short of burndown. The wires 
thus damaged were later tested to de- 
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strength. Table I shows the results 
of the tests on No. 6, No. 4 and No. 2 
conductors in which the duration of 
arcing was held to one cycle or less. 
It can be seen that even with high 
values of currents shown, the extinc- 
tion of the are within one cycle leaves 
the conductor sufficiently strong to 
withstand most any mechanical stress 
to which it might be subjected in 
service. 

In general No. 6 wire, when built 
into lines, is applied so that the tensile 
stress will not exceed 560 Ib. For 
No. 4 and No. 2 wires these figures are 
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920 and 1200 lb., respectively, under 
the most severe loadings anticipated. 
These facts concerning the capacity 
of arcs to do damage to covered con- 
ductors led to the decision that, if 
wires were to be saved from objection- 
able damage, switching speeds shown 
in the following tabulation would have 
to be accomplished where currents of 
the value shown are encountered. 


manufacturing sources. Furthermore, 
no promising commercial develop- 
ments were in sight. 

One consideration involved in such 
development was that many existing 
circuits were equipped with conven- 
tional switchgear connected for time- 
delay or “instantaneous” relaying and 
reclosing which were features to be 
retained. That such switchgear could 


ae Maximum Maximum 
Size | Current Sane Current Current 
of | Range, Nansen _ with 2 Cycle |with 1/2 Cycle 
Conductors Amperes Caries Mi Switching, Switching, 
y Amperes Ampéres 
No. 6 100- 500 2 to 3 HOGA te Ae 
500-1,000 L160, Zo We ee alg cece 
| 1,000-1,900 Yo. 0G ee tie 08 fees re 1,900 
No. 4 100-1,000 2 tOVS $000 9 4 pipe 
| 1,000-2,000 1 toss. tea a ea eee 
2,000-4,300 Le tO ie ae ee 4,300 
No. 2 100-2,000 2° t023 5: clvire2 O00es) nee 
2,000-5,000 1. ho 2: eee iy oe ees € 
5,000-7,000 Ly. toss Veo e Gene 7,000 


Two cycle circuit clearances will adequately protect No. 0 copper with 
currents up to 7,000 amperes and No. 0000 up to 10,000 amperes, which current 
values are of the maximum order encountered in field service. 


The next phase of the problem, 
therefore, was the development of 
switching equipment physically and 
economically suitable for use on dis- 
tribution circuits and possessing all of 
the features of conventional switch- 
gear plus the ability to give initial in- 
terruptions in an overall time varying 
from 1% to 2 cycles, and extremely 
fast reclosing. As previously stated, a 
survey of commercially available 
equipment had indicated that devices 
fulfilling all of these requirements 
were not to be had from regular 


not be modernized by alterations to 
give anything like % or 2-cycle over- 
all arc-clearing time is indicated by the 


fact that the inherent arcing within ° 


the breakers themselves, after the 
contacts part, is about 2 cycles. 

Fig. 2 shows that fuses do not offer 
the protection sought here. 

FAST SWITCHING EQUIPMENT 

Three switching devices have now 
been produced and proved in the lab- 
oratory. One device, called a ‘“Short- 
ing Contactor” is designed for appli- 
cations to circuits equipped with con- 
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COMPARISON OF THE CHARACTERISTICS 
OF FAST ACTING FUSES WITH BURNDOWN 
CHARACTERISTICS OF COVERED COPPER WIRE 


ventional automatic switchgear. It 
provides initial interruption of fault 
eurrent within intervals down to % 
cycle. The second device is similar in 
design but incorporates a fast acting 
current interrupter, and is intended 
for use with circuits fused at the sta- 
tion bus. The third device is a fast 
opening and reclosing breaker incor- 
porating all of the performance 
features of existing switchgear and 
capable of giving an initial opening in 
2 cycles. The Shorting Contactor can 
be used with this device where the 
benefit of 1% cycle switching is de- 
sired. 
Shorting Contactor 

A cross sectional view of the Short- 
ing Contactor is shown in Fig. 3. This 
unit is self-contained and fully auto- 
matic, requiring no auxiliary circuits 
or power supply. It is designed for 
pole or station mounting and can be 
either air- or oil-insulated. Being 
series operated, it is connected in one 
side of the circuit by means of ter- 
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FIG. 3 


CROSS-SECTIONAL VIEW 
OF SHORTING CONTACTOR 


minals (1). A lead from the opposite 
side of the circuit is connected to the 
bottom terminal (8). It is intended 
that the station breaker working in 
the circuit with the Shorting Con- 
tactor will be arranged for “insan- 
taneous” tripping for the initial open- 
ing, followed by “immediate” re- 
closure, and then the regular time- 
delay operation before lockout. The 
“instantaneous” tripping and “imme- 
diate’’ reclosure are not necessary but 
are desirable for the best circuit per- 
formance. 

Normally contacts (6) and (7), 
Fig. 3, are open with full phase poten- 
tial between them. Switch (8) is 
also normally open so that load current 
flows through solenoid coil (5). When 
a fault occurs, the flow of fault cur- 
rent through the solenoid causes the 
plunger to move downward closing 
contacts (6) and (7), and thus metal- 
lically short-circuiting the line direct- 
ly through the lead connected to the 
bottom terminal. This metallic short 
circuit collapses voltage on the line 
and extinguishes the arc at the point 
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APPLICATION OF SHORTING CONTACTORS 
TO CIRCUIT EQUIPPED WITH STATION SWITCHGEAR 


of fault. The line voltage is held to 
zero as long as the contactor remains 
closed. Meanwhile, however, the sta- 
tion breaker trips and, if it is of the 
conventional type with ‘“instantane- 
ous” relaying, it will clear the metallic 
short from the system in about 10 
cycles. Thereupon the contactor opens 
and lockout switch (3), controlled by 
mechanical timer (4), holds the device 
inoperative for an adjustable period 
to allow the station breaker to go 
through the usual reclosing cycles. 
After this interval, the lockout switch 
opens and the contactor automatically 
resets. For Detroit conditions, the 
contactor will be held inoperative for 
three minutes after each operation. It 
is evident that, if the device were not 
prevented from immediately repeating 
its operation should a fault persist, it 
would be impossible for the station 
breaker to successfully close into the 
fault and burn it clear, or blow fuses 
on the line. 

Fig. 4 shows a typical application of 
Shorting Contactor to a circuit equip- 
ped with station switchgear. It will 
be noted that sectionalizing fuses are 
shown in the circuit. As will be seen 
later, the switching speeds of the de- 
vices described in this paper are such 
that fuses are protected from damage 


: SIZE BUS SHORT! 
CURVE cOoppPER CURRENT 


A No. % 4000 Amp 
B No.2 4000 Amp 
No.6 3000 Amp 


AMPERES 


MILES OF LINE 
FIG. 5 


DECREASE IN LINE SHORT CIRCUIT 
CURRENT WITH DISTANCE FROM BUS 


on the initial circuit interruption so 
that in case of transient faults the 
circuit is kept intact and service is 
restored to the entire line upon re- 
closure. In case of persistent faults, 
however, the fuses blow during the 
following time-delay operation of the 
breaker as intended. 


It will also be noted in Fig. 4 that 
the Shorting Contactors are located at 
the cable pole. If they were located 
directly at the station, the line short 
circuit caused by the fault would be 
transformed into the equivalent of a 
metallic bus short which, on stations 
of comparatively large size, would 
cause undesirably heavy shock to the 
station equipment. This condition is 
avoided by locating the contactors a 
Short distance out on the circuit from 
the station. For the case of overhead 
feed from the station, the effect of 
distance is shown in Fig. 5 where the 
steep impedance gradient near the 
station is set forth for typical circuits 
having different values of bus short 
circuit currents. 
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The Shorting Contactor is designed 
to operate at current values 50 per cent 
over the normal rating of the main 
solenoid coil. Rated load currents can 
be carried continuously without ex- 
ceeding normal temperature rise lim- 
its and sustained currents up to those 
required to cause operation can be 
carried continuously without damage 
to the equipment. 

The curves of Fig. 6 show the 
switching speed of the Shorting Con- 
tactor with three different solenoid 
coils. It will be noted that all curves 
become flat at 1% cycle overall time. 
The performance of a_ single-phase 
circuit equipped with conventional 
switchgear and a Shorting Contactor 
is shown by the oscillograms of Ex- 
hibit B in the Appendix to this paper. 

It might be mentioned that the prin- 
ciple of de-energizing a circuit by ap- 
plying an artificial short circuit at the 
source is not new. It was suggested 
a number of years ago but as original- 
ly proposed there were no means by 
which operation within 14 cycle, and 
lockout within 4 cycles, could be ac- 


complished. The self-contained, fully 
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automatic %-cycle device described 
herein is therefore new. 


Shorting Contactor with Interrupter 

The Shorting Contactor used in this 
scheme is essentially the same as the 
one just described, but the lockout 
switch is omitted. Fig. 7 shows an in- 
stallation of this equipment from 
which it can be seen that the inter- 
rupter is connected in the short cir- 
cuit lead from the contactor and car- 
ries no load current. The design prin- 
ciple of this interrupter was developed 
by The Detroit Edison Company a 
number of years ago. In normal oper- 
ation the interrupter is in the closed 
position. When a fault occurs, the 
Shorting ‘Contactor shorts the line 
through the interrupter. This causes 
collapse of bus voltage and extinction 
of any arc on the lines. Current 
through the interrupter causes it to 
open and lock out for a predetermined 
time. This removes the metallic short 
circuit and allows recovery of bus 
voltage. If the fault is transient, ser- 
vice is restored. If the fault persists, 
the Shorting Contactor is prevented 
from de-energizing the line again 
since the interrupter is locked in the 
open position. Fuses are then brought 


58 FHAEABULLCETIN 


AIIM THE HYDRO-ELECTRIC POWER COMMISSION OF ONTAR/O_ TIltiititiriiiiiine ier itty iii) 


into play and serve to clear the fault. 
Although the interrupter is capable of 
opening the artificial short circuit 
within one cycle, it is purposely de- 
layed in this operation for six cycles 
to avoid re-establishment of the line 
arc by too rapid a recovery of line 
voltage. 

This type of installation is particu- 
larly suited to stations where a large 
number of small conductors radiate 
from the bus and where the character 
of the load is such that more elaborate 
switchgear is not economically justifi- 
able. Such stations are usually of 
sufficiently small capacity that apply- 
ing the short circuit directly at the 
station bus is not objectionable. With 
high-speed switching there is no dis- 
advantage in interrupting all lines 
connected to the bus to protect the one 
line, owing to the fact that the dura- 
tion of the interruption is only six 
cycles, which is hardly perceptible to 
the customer. 

Trial installations of this type, pro- 
tecting four circuits, have been in ser- 
vice on The Detroit Edison system for 
one year and have given a perfect 
operating record. 


Fast Opening and Reclosing Breaker 

In the development of this equip- 
ment advantage was taken of the prin- 
ciple of current interruption incor- 
porated in the interrupter described 
previously as having been developed 
by The Detroit Edison Company. This 
interrupter has proved itself capable 
of interrupting fault current consist- 
ently with not over 4% cycle arcing at 
the contacts and with exceptionally 
low are energy, qualities essential in a 
breaker having overall interrupting 
time of the order here required. 
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SWITCHING SPEED OF 
FAST OPENING AND 
RECLOSING BREAKER 


The equipment in its latest form is 
a single-pole oil circuit breaker, light 
in weight, self-contained and fully 
automatic, having its own mechanical 
timing mechanism. No auxiliary cir- 
cuits or equipment are required for its 
operation. The control is arranged to 
give a fast initial opening followed by 
reclosure within any interval down to 
a few cycles, and a series of time- 
delay openings and reclosures before 
lockout. The speed of initial opening 
is shown in Fig. 8. Resetting from 
any point in the sequence of operation 
is automatic upon restoration of nor- 
mal circuit conditions. For the pre- 
sent, a unit having a 250-ampere rat- 
ing will be used. The minimum cur- 
rent to operate is adjustable to meet 
requirements of the circuit. 

A diagrammatic view of the device 
is shown in Fig. 9. The coil of the 
control relay (4) is in series with the 


line. In normal operation the _ sole- 
noid coil (6) is shunted through 
switch (5). When a fault occurs, 
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CROSS-SECTIONAL VIEW OF 
FAST OPENING AND RECLOSING BREAKER 


switch (5) opens and fault current 
flows through coil (6) which causes 
main contacts (9) to open. Energy 
stored in a spring during the opening 
stroke is used to reclose the breaker. 
The mechanical timer (3) serves to 
hold the breaker open for the desired 
interval before reclosure; it also 
serves to prevent the breaker from 
opening during the time-delay periods 
following initial opening. The timer 
consists of an escapement mechanism 
arranged in such a way that operating 
forces cause iit to be driven forward to 
an eventual lockout position from 
which the breaker is prevented from 
closing. Short of this, the mechanism 
seeks to return to its normal reset 
position through a heavy clock spring 
which causes it to run in a reverse 
direction. 

In one test of the breaker’s inter- 
rupting performance it was put 
through a series of complete operating 
cycles to lockout at 5,000 volts on 
short circuits ranging from 1,000 to 
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4,000 amperes, the latter being the 
highest current which it is expected 
the breaker will be called upon to 
handle in the presently proposed ap- 
plication. The operating cycles in- 
cluded initial opening followed by 
three time-delay operations (4 open- 
ings in all) with 34 of a second be- 
tween reclosures. The time-delay in- 
tervals averaged about 1 second, vary- 
ing inversely with current. The total 
number of circuit interruptions in- 
volved in the test was 72. A detailed 
inspection of the current interrupting 
parts at the end of the test showed 
that no replacement of parts was 
necessary and that the breaker was 
still in suitable condition ‘for con- 
tinued operation. 

As to the maximum current that 
can be successfully interrupted with- 
out serious burning of contacts, tests 
thus far have been limited by the 
capacity of the test facilities, but 
several interruptions of 7,000 amperes 
at 5,000 volts do not make replace- 
ment of parts necessary. 

The breaker in its present form dif- 
fers from any single-pole circuit inter- 
rupter with which the author is fam- 
iliar in that it provides for time-delay 
operations in addition to its fast in- 
itial opening. It has load-current and 
interrupting ratings which put it in 
the class of a station breaker suitable 
for fairly heavy circuits. 

According to present plans, the 
newly developed breaker will find its 
initial application on both new and ex- 
isting fused suburban and rural cir- 
cuits. Fig. 10 shows a proposed typi- 
cal application. Past practice has been 
to connect many of these circuits 
directly to the station bus through 
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APPLICATION OF FAST OPENING & RECLOSING 
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fuses. The new breaker, in addition 
to giving protection against primary 
line burndown on transient faults by 
its 2-cycle initial opening, will add to 
these circuits all of the operating 
advantages and features of fully auto- 
matic switchgear. When faster initial 
opening is required to assure against 
burndown of No. 6 or No. 4 covered 
conductors, the Shorting Contactor 
can be used in conjunction with this 
new breaker. An arrangement of this 
sort is shown in Fig. 11. In this case 
the Shorting Contactor will extinguish 
the are in -cycle and the breaker 
will clear the short from the system 
in 2 cycles. The breaker will be ad- 
justed to reclose in about 30 to 45 
eycles whether used alone or with 
Shorting Contactors. Oscillograms 
showing the performance of the 
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BURNDOWN CHARACTERISTICS OF COVERED 
COPPER WIRE COMPARED WITH SWITCHING 
SPEEDS OF NEW DEVICES 


breaker alone, and operating with the 
Shorting Contactor, are included as 
Exhibits C and D in the Appendix. 

Exhibits E and F, in the Appendix, 
show the appearance of arc burns of 
14-cycle duration on No. 6, No. 4 and 
No. 2 covered conductors, and also a 
2-cycle are burn on No. 2 con- 
ductor. The No. 6 conductor with 
14-eycle, 1,500-ampere are burn still 
retains 80 per cent of its original 
strength and the No. 2 conductor with 
the 2-cycle, 1,500 ampere arc burn re- 
tains 75 per cent of its original 
strength. In Fig. 12 the burndown 
curves for covered copper wire, shown 
previously, are repeated together with 
the switching speeds of the 100- and 
200-ampere Shorting Contactor, and 
the fast opening breaker. This serves 
to show the margin of safety between 
the overall arcing time allowed by the 
different devices ‘and the critical arc- 
ing time for the various sizes of con- 
ductor. 

Exhibit G of the Appendix shows 
the diagram of circuits connected to 
Inkster Substation of The Detroit 
Edison Company which is now being 
equipped with fast opening and re- 
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closing breakers. Shorting Contactors 
are being installed in the circuits as 
indicated. The diagram shows the 
location of fuses in the circuits and 
also the size, type, and mileage of con- 
ductors. The short circuit currents 
indicated at the locations of Shorting 
Contactors show the effect of line im- 
pedance in reducing the magnitude of 
the metallic short circuits to be ap- 
plied by the contactors, the value of 
short circuit current at the bus being 
4,000 amperes, three phase. 


FUSES 

As indicated earlier, an added ad- 
vantage of fast initial fault current 
interruption of the order here discuss- 
ed is the fact that sectionalizing fuses 
are saved from damage by the first 
opening, and if the fault is of transi- 
ent nature, service is restored to the 


entire line upon reclosure. If the fault 


persists, however, the fuses are blown 
on the following time-delay operation 
of the breaker as intended. Hereto- 
for, The Detroit Edison Company has 
used sectionalizing fuses sparingly 
(almost none) because experience has 
shown that with existing switchgear 
the use of fuses involves more outage 
than that attendant on operation with- 
out them. This is because they blow 
on transient faults. 

With the new switching practice, 
the objection to the use of fuses in the 
circuit is removed. It should be noted 
that, whereas in past practice fuses 
have constituted what might be called 
a first line of defense, in the new prac- 
tice they are relegated to a position 
of secondary defense, for the switch- 
ing equipment is to be given the first 
opportunity to deal with the trouble. 
Under these conditions it is evident 
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that the fuses shall blow only on the 
time-delay operations subsequent to 
the initial opening. Progress made in 
the development of fuses with slow 
acting characteristics is shown in Fig. 
13 where the curves for 40-ampere 
fuses of both the fast-acting and the 
slow-acting type are compared. Simi- 
lar differences exist in other ratings. 
It can be seen that for a given time to 
blow, the current carried by the slow- 
acting fuse is much greater than that 
carried by the fast-acting fuse. This 
means that the slow-acting type can 
be installed at points in the circuits 
much closer to the station, where fault 
currents are higher, than is possible 
with the fast-acting type. In other 
words, the limits previously imposed 
upon the location of fuses are now 
greatly widened. 

The co-ordination between the char- 
acteristics of slow-acting fuses and 
switching speeds of the newly deve- 
loped equipment, already described, is 
shown in Fig. 14. 

As a matter of general interest, 
Exhibit H is included in the Appendix 
to show the extent of damage to over- 
head conductors of different sizes 
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CHARACTERISTICS OF SLOW ACTING 
FUSES COMPARED WITH SWITCHING 
SPEEDS OF NEW DEVICES 


when exposed to 1,500 ampere arcs of 
the durations indicated. Exhibits I, J 
and K show the result of arcing faults 
under the conditions stated thereon. 


SUMMARY 
Summarizing, there are six points 


that I want to mention: 


. Switching to clear faults within an 


overall time interval ranging from 
1% to 2 cycles (1/120 to 1/30 
second) will reduce the number of 
falling wires caused by transient 
faults. 


. Fewer wires down will reduce the 


outages and improve the service. 


. Single-phase switching will reduce 


outage. 


. Sectionalizing can be increased to 


advantage by fusing more exten- 
sively because the sections will 
not be cut off by transient faults. 


. The switchgear necessary for % 


cycle fault switching is inexpen- 
sive. 


. A workman who accidentally cre- 


ates an arcing fault is less liable 
to serious injury with % cycle 
switching than he is with 10 to 40 
cycle switching. 


| INDIG34! 


VOESAAN BHENGL 2 


CASES OF TROUBLE ON THE DISTRIBUTION SYSTEM INVOLVING 


THE BULLETIN 


WUBI THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO ETUTTUTETTUTTTEUV ETAL UEC ETRE TCU LECT T TF 


APPENDIX 


10. @ = 8059 Ml Minaya 


PRIMARY WIRES DOWN 


63 


Month 


January ...... 


February 
March 


July 


ANS UST |... a 
September .... 
October... | 
November ..... 


December 


Total 


FEBRUARY, 


1941 


1938 
No. of 
| | (Cases © | 
| Total No. | Attribut- | No. of | Total No. 
| of Cases | able to | Electrical’ of Cases 
| Lightning | Storms | 
__and Wind | 
a2 | 15 0 Oe) 18 
| 37 24 45 23 
344 40 22 4 328 
| Sleet storm 
| 56 22 2 asi 22 
5) 40 ae 6 48 
109 57 6 ART 
ae 165 igial G 98 
1555 89 5 45 
74 at 2 | 88 
a 26 3 3 26 
16 0 Oe Z 
23 1 1 8 
703 348 993 


1939 


No. of 
Cases 


Attribut- | No. of 


able to 


| Electrical 


Lightning | Storms 


and Wind | 


0 
me 
ri 


320 


SON ANN OR FEY OF SCS 


64 PRHESBULCEETREN 


UUM THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO. eatin iit 


ix HIB Be 


CONVENTIONAL | SWIT H 
er ALTANEOL IS Tap ns ParrRnurys 
RREN OUGH METALLIC 
: PEP aPU UTE SHORT OF SHORTING CONTACTOR IN 
* cr. 500 AMPS. \ : 14 CYCLES 
FAULT INCEPTION —” 


— TR 


e2 CS | Rcycue LINE ARCING 


5 POTENTIAL TUS SeHTCH CLOSES TO MAKE SHORTING CONTACTORS 
dante eC ee ee 


eV eee eee eeeeceeeeeieieee enn 
" $000 vouTs ooo a 


POTENTIAL nYTIT 
OCT TRALEE ATE TO 
Foeeene HAA EEA Tai Te 


PERFORMANCE OF CIRCUIT WITH SHORTING CONTACTORS 
OPERATING WITH CONVENTIONAL SWITCHGEAR; 
“INSTANTANEOUS TRIPPING— TRANSIENT FAULT CLEARED IN 
34g CYCLE 
CONVENTIONAL SWITCHGEAR WITH 


TIME -DELAY TRIPPING INTERRUPTS 
| GURRENT FLOWING THROUGH METALLIC 
i 


SA lide 


POO AN AMES VL GE 


MUA 
MHI UHV iii 


SNOT gene 
accel 


FAULT INCE PTION-~ 
Caan eel 


a : CYCLE LINE ARCING 


#3 POTENTIAL 


A 


HOTTIE, 


§O00 VOLTS 
LINE POTENTIAL 


TRE RHE Ae iH | 
CTL LLL Ree 


PERFORMANCE OF CIRCUIT WITH SHORTING CONTACTORS 
OPERATING WITH CONVENTIONAL SWITCHGEAR; 
TIME—DELAY TRIPPING; TRANSIENT FAULT CLEAR IN 2 CYCLE 


VOETAAVIIT Now 2 


THE BULLETIN 65 


WINTER THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO IIIIIIMMII11iNisiiiINiINiIIIMUIMIIIE 


ESCH BEE Ge 


"cr h.. : eee 
(S00 AMPS. CR CYCLES INSTANTANEOUS TRIPPING 
FAULT nereTON : Samoans 


Feet 2 cYCLe th LINE ARC 
Shy iC 
_ 3000- Vout LINE POTENTIAL 


iM ONE SECOND. 
. RECLOSING — 


BREAKER Sock 
\ TO RESTORE > 


te i hom 


oe 


Q 7) ii nansi 
{ae 
ue sTHLUULURVTUGEEREU HATH HHH 


8 " . a "4 PT : svn 
: — FAST OPENING oe 


BREAKER nimi $00 AM 


me Fame i | 
— = a 


_ PERFORMANCE OF CIRCUIT WITH FAST OPENING 
AND RECLOSING BREAKER OPERATING TO CLEAR © 
A TRANSIENT FAULT IN 2 CYCLES AND RESTORING 

SERVICE IN ONE SECOND 


FEBRUARY, 1941 


THE BULLETIN 


il THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO spins iNT U 


66 


HAN UEN 


I THVTO TUN TATUTTTULURUTOCORURULORU EOE CORUO La 


EXHIBIT De 


pede pier se bha esi bell isis eeetes \! : : PO 


‘ 


POOH TEEPE CE CECE CT ie 
GAY OOS ONUdNUUZIN! WINVss —~ ZOWLIOA Doe 


petolea i  a mid 
‘Sane OCS! ONUANAUIINE sav INE < = ZOWLIOA Dev 


8) B3iay SALONA © 304 3ALV39d0N a _ MRAVANT ONISOVDIY 
isons PW OF $3507) HDLING SIKI- =, Lov, 38 GWY ONINSDO ISvd 


SYOLIVINO? INILYOHS- — ; 
wi ani [t-* ~aheg eK 
— - ’ ai, 38 a : Dawwaud $9:095 34. NOKM 
sore we 30002 Sip 121, + oS. n340 I BH. NG 
1A re Saas M Pai > 6 ah SUAMBOISNGS. “V'_NG.0o 
_ ~ : Le! ae outa 1 aN eR idoen ieu G2 300 S' 307.70" Sua 
oe “\asanegaeaaaaas RRAAS A DUAAASALALBAADADALALAAASIADEDSIEN 2 22048 Bd ARgnaagstssdtesVibesesitidtel tt nasanens AAARAALAAALASALALASDSAAADADA MARS SRLSAASSASAS DD LIDDISALL ASAD VARNES, 


PEREPERSTTLERE SS ? RUS ERE CEUSULESOVETLEDDFEVESEETEOUT ES FEY ETH EONTTTIPITERYENTEFUPHSTS ELE SELES SST TOM EOMIDTELETLE DH ITESPIPP HRV OEEV HP EE wee TEST ETON OP ERT ERENT ESR HES H Sm rey 


ONIGOIITS ee ONIGOD 3H a re See | 


ee GNODaS BNO TIIAD OF GNOI36 INO ay 
shudeupr ae benagd : ee 


ey. 9201833 OL : 
G501058 TOV 


SN2d0 BONVIIG 


oe Wie : 309.380 B1DA9-2 
ieee yee a, - — _ . : 
— : : g : “Sai OOS) | x NO GSN aes 
eee 
Wn : QNidditd SHOINVINWIGN! D1DIAD-2 ole 
(ibys bty yy : Vi ; 
“USAVANY : 
JHi dO NOUNUSdO ONIddItL AVIRG- WIL iSaid 
3H NO Qanviai> Si AMaddoD ve aN NO inva LULLED AS ps nauvans 


pare EHO maT ret croosenneennaannnanemennrnnerannerd 


ANT LNALSISUad ¥Y  ‘SYOLDVLNOD ONIONS —_— : 
bo ahiiwsadd wanyaug ONISOTIAY ONY _ eS Wr $503 bei > 
ONINIdO LSV4 HLIM LINDUID JO JONVWYOdNId :MO7z20- resem = —— 

- —- Sl naxvasg ONISONDIS 


twa HBLAV GQURING BOL BALLIEIGOM! 
LOVAMOD GIG LUONS DOWN OL CIGOTD KOLO SHE 


Ue GBOLIVLNCD SHLIBO 


ONY DONINAdD ISV4 


Ve te eae aoe as pikes Hid 


JOH 
PEA EU EU HALLE TET TCUT 


f ONIGO 138 : : re 
5 aa saeerenersroneteneterem none Ot, Seneeneet: 
\ GNODX aN -— PEEP LEU UH en iNT at env 


WUINDLOd BHT SDA 00OS 
f ; 


JIDAD | NI «OLINNA 


INZISNVUL V UVIID OL SYOLDVLNOD ONI LYONS SO 
HLIM ONILVUSdO UAAVAYT ONISOTIID ANY  . _ WINTIVA4 1925 
ONINIGO 1SV4 HLIM LINDUID dO SINVWAOSASd U477 _  . ay 
: : — NOL BN! LAs 

—_—_—__ es. 
Oridditl SATINWINWIGN! S2TIA2 2 13 


“edie O06! 


No. 2 


VOL. XXVIII, 


THE BULLETIN 67 


MOTT THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO UPUUDOOUU DODO OYUETEUUEO PADUA ELETTUL ETRE ESTEE PEEL 


EXHIBIT “RE” 


PARI BLISS ES 


FEBRUARY, 1941 


68 THES BULEETIN 


TTHTUTIOTUTUUUTUTOAULTLAOUURUEOPOPPSEE LULU LLL ELL THE HYDRO-ELECTRIC POWER COMMISSION OF ONTAR/O AINE TTT 
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EXHEBIEAYG™ 


L BRANCH FEEDER 
FUSES 7.5 MILES NO.6 WP 
4.3 MILES NO.2 AL 
2 MILES NO.2 WP 


2 MILES NO.6 


2MILES NO.2 WP 
0.7 MILE NO.2 AL 


SECTIONALIZING 


Lalit 0.8 MILE NO.2 | 3.5MILES NO. 6 
R B L ; . Iu NO, 
FAST OPENING —— TS MIGNOD WP tes MILES NO. 2AL 
& RECLOSING SHORTING aN -SMI. NO. 
BREAKERS CONTACTORS 1400 AMP 
SHORT 
(*) (5 BUS SHORT 
4000 AMP 
3000 KVA 4700 AMP 
TRANSFORMER 0.8MI. NO. Vo WP SHORT 4.7 MILES NO. 1/9 WP 
BANK fe — 
SHORTING SECTIONAL! ZING 
4800 VOLT CONTACTORS FUSES 
STATION BUS 
{5.6 MILES NO.2 AL 
0.9 MILE 
NO.2 WP 0.5 MILE NO.2 WP 
SHORTING 
[ |CONTACTORS 
BRANCH 
1200 AMP FEEDER 
SHORT FUSES { 5 MILES NO.6 WP 
4 MILES NO.2 AL 


3 MILES NO.2 WP 


WP = WEATHERPROOF WIRE 
2.5MILES NO.2 AL AL = BARE ALUMINUM WIRE 
SHORT CIRCUIT VALUES SHOWN ARE 

ON A 3PHASE BASIS 


{25 MILES NO.6 WP 


Installation of Fast Opening and Reclosing Breakers with 
Shorting Contactors at Inkster substation. 


EX HEBU es 


1500 ampere arc burns on copper wire not under tension during test. 
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EP XAEBIY Sr 


No. 2 a.c.s.r. conductor after 200 ampere tree-limb fault. 
Tree limb burned clear. 


MAIR so” 


No. 2 covered copper conductor after 900 ampere, 11 cycle arcing fault. 


CH TB UES Ks, 


No. 0000 covered copper conductor after 3,000 ampere, 12 cycle arcing fault. 


(This paper was presented to the Association of Municipal Electrical Utilities at 
Toronto on February 5th, 1941.) 
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Drainage Pump 


Modern Unit Replaces Bucket-Wheel 
Type in Dover Township 


By W. G. McGeorge, Chatham 


HE recent installation of a 

new drainage pump in the 

Township of Dover (Kent 

County, Ont.) may be of some 
interest because of its being a de- 
parture from the kind of installation 
which has been common in that parti- 
cular section of Ontario. 

In the township there are compara- 
tively large areas of land which are 
so low, aS compared with lake level, 
that they cannot be successfully 
drained by gravitation, with the re- 
sult that recourse has been had to 
banking and pumping to provide the 
necessary drainage. 

In this and adjacent townships, 
there are at least twenty-five differ- 
ent drainage schemes of this kind, 
all constructed and operated under 
the provisions of the Municipal 
Drainage Act, and ranging in* size 
from two or three hundred acres up 
to almost six thousand acres. 

From an engineering standpoint, 
the problems to be solved in these 
schemes are the segregation of the 
low lands from the higher lands, the 
construction of necessary banks to 
protect the areas to be drained from 
outside water, and the provision of 
sufficient reservoir capacity and 
pumping capacity to ensure proper 
drainage. 


STEAM-DRIVEN Scoop WHEELS 

The inauguration of these pumping 
schemes goes back at least fifty years, 
and the most common form of pump 
used has been the steam-driven dash 
or scoop wheel. These wheels were 
from eighteen to thirty feet in dia- 
meter, fitted with arms or scoops, 
and, operating in wheelpits or chan- 
nels, scooped the water out of the 
reservoirs and discharged it into the 
outlet channels. They were operated 
at slow speed, were simple in con- 
struction, could be operated by almost 
anyone, and, under certain conditions 
of water levels, were reasonably effi- 
cient. Some other types of pumps 
were also used, such as scroll pumps, 
Chinese pumps, and a few centrifugal 
pumps, but the dash-wheel was the 
predominant type in use for many 
years, and, where the lifts were low 
and fuel and labor costs for generat- 
ing steam were also low, these pumps 
met the needs fairly well. 


MULTIPLE UNITS NEEDED 

With the gradual passing of steam 
power and the introduction of gaso- 
line and electric motors, the need for 
a more efficient type of pumping 
plant became apparent. Where elec- 
tric power has been used to operate 
dash-wheels, motors of comparatively 
large horsepower have been required 


VOLS AXVE, Nor2 


THE BULLETIN 71 


~ ASTIN THE HYDRO-ELECTRIC POWER COMMISSION OF ONTAR:O A STTATTUAETLTUGRTLUUUGHR COOMA CUUOAACUUOMR OOOO TPOO A 


to meet the extreme demands. The 
solution would seem to lie, generally, 
in the installation of multiple units 
of efficient pumps operating with 
motors of low horsepower, some of 
which may be used only in times of 
extreme demands. 

In the particular scheme to which 
reference is made in this article 
(which is known as the Whitebread 
Pumping Works), the area to be 
drained consisted of about eighteen 
hundred acres of land, ranging in 
elevation from slightly below to 
slightly above lake level. The scheme 
was inaugurated about twenty-five 
years ago, a steam-driven dash-wheel 
being installed to do the pumping. 
The reservoir capacity in this parti- 
‘cular scheme is exceptionally large, 
there being seven or eight miles of 
large dredge-cuts, and the lands have 
been well drained. The pump dis- 
charges the water into the river 
Chenal Ecarte, which generally is 
almost at lake level. 

A few years ago, the steam engine 
being in a bad state of repair, a 40- 
h.p. electric motor was installed to 
operate the wheel, and the plant has 
operated successfully with this 
power. The wheel, being beyond re- 
pair, the installation of a new pump 
became imperative. 

The new pumping unit was selected 
after a thorough investigation of 
various available types of pumps and 
drives. The main consideration was 
that of obtaining the greatest pos- 
sible volume of water from a pump 
driven by a 25-h.p. motor; in other 
words, the highest possible efficiency 
not only during the initial period of 
operation but also a reasonable assur- 
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ance of sustained efficiency during 
many years of operation. 

Other important considerations 
were those of simplicity in design, 
necessary to obtain low cost of 
attendance as well as low cost of the 
new supporting structure; also 
rugged construction, to insure the 
lowest possible cost of maintenance 
and repairs; and last, but not least, 
a long and successful experience on 
the part of the pump manufacturer 
in the design and manufacture of 
units for this or similar type of ser- 
vice. 

This type of pump develops the 
pumping action predominantly by an 
axial propulsion of the water, in a 
manner quite similar to the “propel- 
ling” of a ship through water. Its 
propeller is mounted on a vertical 
shaft and is located in the submerged 
pump bowls; this entirely eliminates 
all necessity for priming equipment 
and separate priming operation be- 
fore starting the pump. 

The open propeller design used in 
this pump eliminates the use of close- 
fitting metal seals, usually known as 
“wearing rings’. These are practi- 
eally always found in the design of 
centrifugal pumps, and they must be 
maintained (by replacement) to ori- 
ginal clearances in order to obtain 
sustained pumping efficiency. Since 
wearing rings are eliminated from 
the propeller-pump design, this type 
of pump has been found capable of 
handling water containing a consider- 
able amount of sand and silt without 
noticeable depreciation in efficiency. 

The entire pump is suspended from 
the discharge-elbow base-plate that 
rests on the pump-house floor. This 
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base-plate, the tapered discharge 
column below the floor, and the dis- 
charge elbow, are all fabricated as 
one unit from rolled steel plate 
welded together into a rigid assembly. 
An extension on top of the elbow 
carries the vertical motor drive. 


A hand-hole with bolted cover has 
been provided in the elbow immedi- 
ately above the base-plate, through 
which a steam connection can be 
lowered into the pump-bow] assembly 
whenever it becomes necessary to 
start pumping operations while the 
water is covered with heavy ice. The 
steam, which will be generated in a 
small wood-fired boiler, will be used 
for thawing out the ice from inside 
the pump-bowl before the pump is 
started. 

The pump is driven by a 25-h.p. 
motor at 720 r.p.m., operated on a 
3-phase, 25-cycle, 550-volt circuit. It 
is a vertical hollow shaft motor, of 
drip-proof and weather-proof con- 
struction. A common thrust-bearing, 


located in the top of the motor, car- 
ries the combined weight of rotor, 
pump-shaft and propeller, and the 
hydraulic thrust. 


The pump discharges through a 
30-in. discharge pipe fabricated from 
corrugated steel sheet and fitted on 
the outer end with a flap valve to pre- 
vent backflow of water through the 
pump during abnormally high river- 
stages. For normal high river-stage 
the bottom of the pump-discharge 
elbow is 6 in. above the river level. 


The normal maximum difference 
between the level of the suction 
water in the drainage ditch and the 
level in the river is six feet. 


The pump is designed to deliver 
8,250 Imperial gallons per minute 
against a total head of 7.75 ft., cor- 
responding to a pool-to-pool differ- 
ence of 6 ft. The power consumption 
for lifting one million Imperial gal- 
lons of water per foot lift is 5.29 
kw-hr., based on a pool-to-poo] head 
of 6 ft.—Water and Sewage. 


Cameron Falls generating station, Nipigon river. 
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Aylmer Street Lighting 


By Geo. G. Cousins, Supervising Lighting Engineer, 
H.E.P.C. of Ontario 


O many of the generation that 

is now approaching maturity 

a horse and buggy is almost 

as much of an oddity as a 
yoke of oxen is to their grandparents. 
They definitely belong to a by-gone 
age, an age of slow motion, oil lamps, 
washboards, and the family album. 
The dusty, slow, rough-riding buggy 
has given way to the smooth-riding, 
comfortable, heated (in winter) motor 
car that can travel as far in an hour 
as the horse and buggy could go in a 
day. There are dozens of fast mov- 
ing motor cars today to one horse and 
buggy of a couple of decades ago. 
Yet, with a few exceptions, the street 
lighting of today belongs to the con- 
ditions of the horse and buggy days 
as far as its revealing power is con- 
cerned. The terrible loss of human 
life, from traffic accidents, of to-day is 
the natural result of this failure of 
the protective agencies to keep pace 
with the destructive ones. Any 
normally active person can avoid a 
horse drawn vehicle except under ex- 
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traordinary circumstances, but is no 
match for the speed of approach of 
automobiles under quite common con- 
ditions of traffic. 

Statistics have shown that about 
two-thirds of the daily accidents occur 
during hours of darkness when the 
number of vehicles on the roads is 
about one-third of the daily total. The 
only fundamental difference between 
day and night conditions is the very 
low visibility of objects or persons 
at night as compared to that of day- 
light hours. Consequently, the remedy 
is to apply illumination in such a way 
that motor vehicle drivers can see 
pedestrians or obstacles in time to 
avoid striking them. 

Effective illumination is the one 
and only means of making any appre- 
ciable reduction in night traffic acci- 
dents. The lighting units must be so 
designed and so located that the road- 
way is effectively illuminated; other- 
wise, a lot of money may be spent 
for a very small improvement over 
former conditions. 
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CONTENTS tion and high efficiency. The lighting 
-e units are placed over the pavement 
in which location they provide a high 
Vol. XXVIII No. 3 degree of effectiveness in revealing 
March, 1941 pedestrians as they cross the street 
or any other objects that may en- 
a Bite danger life. In addition to the safety 
: ; requirements, the attraction value of 
Aylmer Street ee is eae e a well-lighted business section is a 
Draughting Room Lighting ......... 73 decided asset to the merchants of the 

Utility Transportation |... 79 town. 

Accounting—Ancient and A feature of this installation that 
MOGOrih sik eter ee ee 93 is worthy of mention is the removal 
A.M.E.U. Committee Report ......... 101 of the poles from the street. This 


The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discus- 
sion of “Hydro” matters and to main- 
tain the co-operative sprit between 
municipalities, as weli as between 
municipalities and the Commission. 
Articles of interest are invited for 
publication, 


The new lighting on Talbot Street, 
Aylmer, embodies in its design the 
latest knowledge of the subject, and 
utilizes equipment of the most modern 
design combining good light distribu- 


greatly improves the appearance of 
the street and the width is apparently 
much greater than _ before. The 
brackets upon which the units are 
mounted are fastened to the walls of 
the buildings. The units are arrang- 
ed in a staggered system with a spac- 
ing of about 67 feet measured along 
the centre of the street; the height is 
22 feet above the pavement, and they 
are suspended 2 feet beyond the curb. 
The lamps are of 500 watt size. The 
average illumination on the pavement 
is .9 foot-candles,—the maximum, 1.6 
ft-c. and the minimum, .5 ft-c. These 


Lighting on Talbot street, Aylmer, Ont. 
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intensities exceed the minimum values 
recommended by the Illuminating 
Engineering Society and rank with 
the illumination on the _ business 
streets of many of America’s im- 
portant cities. The measurements of 
illumination intensity were made 
with an optical photometer with a 


test plate specially suited to street 
lighting measurements. 

The Lighting Service Section of 
the Commission had the pleasure of 
collaborating with Stuart McBrien, 
superintendent of Aylmer Public 
Utilities Commission, in the design 
of the system. 
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Draughting Room Lighting 


By C. B. Stephens, Assistant Engineer, Electrical 
Engineering Department, H.E.P.C. of Ontario 


ATISFACTORY lighting of a 
draughting room has long been 
desired and as each new step 
in the lighting art is taken the 
ultimate goal is that much nearer. 
Not so many years ago daylight 
through windows afforded the best 
known lighting. But that was not 
available on dark days nor at night. 
Then came the gooseneck table lamp 
of the articulated tubing variety, em- 
ploying the carbon lamp or 60 watt 
tungsten. Next came the general 
overhead lighting to supplement or 
supersede the table lamp. Then the 
general acceptance of the indirect 
lighting designs with higher and 
higher wattages came into its own. 
But there were grievances, ceilings 
appeared too bright. Work spaces 
became too hot, on account of the 
high wattage of the lamps. These 
grievances have to a great extent 
been overcome by coffers, deeply 
beamed ceilings and by ventillating 
systems. 


A paper presented at the First Canadian Re- 
gional Conference of the Illuminating Engineering 
Society, Toronto, March 19th, 1941. 
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Now the fluorescent lamp is here, 
along with a brand new set of appli- 
cation problems. This lamp fills a 
long felt need because it embodies 
low brightness, high efficiency, low 
operating temperature and colours 
that will supplement daylight. 


LAMPS AND AUXILIARIES 

The fluorescent lamp in greatest 
demand at present is the 40 watt, 48 
inch T12 type F lamp in white or day- 
light colour. There is, however, a 
growing demand for the 85 watt type 
RF lamp and the newer 100 watt, 60 
inch T17 type F lamp. A complete 
line of auxiliaries for all the lamp 
sizes is available for 60 cycles at 
standard voltages. 

So far the only 25 cycle auxiliary 
is the 40 watt “tulamp” high power 
factor unit for use on 110-125 volts. 
This auxiliary operates at about 95 
per cent power factor, draws 0.85 
amperes, and consumes about 101 
watts at 118 volts. 

As the name “tulamp” implies, two 
40 watt lamps are supplied from it, 
one at a lagging power-factor through 
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Fig. 1—One corner of a draughting room showing eight luminaires end to end, 
each luminaire contains two 40 watt fluorescent lamps. 


a reactor, the other at a leading 
power-factor through a capacitor and 
reactor. An auto-transformer in the 
“tulamp” steps up the supply voltage 
to suit the reactor and lamp require- 
ments. 


EXPERIMENTS WITH 3-PHASE SUPPLY 


In considering fluorescent lighting 
for the draughting rooms in the Ad- 
ministration Building of The Hydro- 
Electric Power Commission of. On- 
tario, estimates were made on a 60 
eycle and on a 25 cycle design, the 
latter indicating a substantial reduc- 
tion in cost, since no frequency 
changers nor separate 60 cycle dis- 
tribution would be required. 


Accordingly two luminaires for six 
40 watt lamps were purchased and 
each equipped with three “tulamp” 25 
cycle auxiliaries and arranged for 3- 


phase, 4 wire supply. In use, the 
lighting effect was very good as there 
was no noticeable flicker on the work- 
ing plane. Here it should be noted, 
that on a single lamp there are two 
pulsations of light per cycle—one per 
alternation of the voltage wave. On 
a “tulamp” group there are four light 
pulsations per cycle, since the capaci- 
tor referred to previously introduces 
a phase displacement of 115° in the 
time of flash of the two lamps re- 
ferred to the same voltage wave. 
Therefore, with 6 lamps on three 
phase there are 12 light pulsations 
per cycle, or 300 per second. 


The experiment proved the theory 
that the lighting effect on 3-phase 
would be satisfactory. It, therefore, 
seemed feasible that a number of 
luminaires designed for two lamps 
could be used in a room and if con- 
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Fig. 2—Another view of part of the same room as in Fig. 1, showing different 
grouping of luminaires and interconnecting wiremold. 


nected to a 3-phase supply the re- 
sulting illumination on the working 
plane would be as good as that from 
the 6 lamp luminaires. 


A TRIAL INSTALLATION 

Accordingly, certain suggestions 
were offered regarding the design of 
a two lamp luminaire. Soon a satis- 
factory unit was produced which af- 
forded co-operation between the two 
lamps as regards flicker effect. An 
order was then placed for twelve such 
units and upon delivery were installed 
in an inside bay in one of the 
draughting rooms. There were three 
rows of four units end to end with a 
spacing of 5 feet 3 inches on centres 
between rows, for a finished grouping 
of 5 rows in the wide bay. 

This installation on a 3-phase sup- 
ply was entirely free from flicker on 
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the working plane and on the ceiling. 
The question was later asked what the 
effect would be if operated on a single 
phase supply. This was done one 
afternoon but everyone was glad when 
the supply was changed back to 3- 
phase. 

The required quantity of two lamp 
luminaires were purchased after hav- 
ing issued specifications and inviting 
tenders. 


INSTALLATION AND CONTROL 

In general all branch circuits in the 
Administration Building are 3-phase, 
4 wire, so it was a simple matter to 
revise the lighting layout drawings 
to accommodate the fluorescent 
scheme. 

The depth of bays permitted the 
use of four luminaires end to end, 
while the bay widths permitted nearly 
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uniform spacing of the rows at a 
little over 5 feet. The total range of 
spacing was 4 feet 6 inches to 5 feet 
7 inches. 


The luminaires in one or two bays, 
depending on the room arrangement, 
are controlled from one switch loca- 
tion, either by three existing single 
pole switches or by one single pole 
switch plus a two pole contactor locat- 
ed in one of the luminaires. Conduit 
wiring above the ceiling is led into 
a luminaire directly if it is located 
below an outlet or by wiremould and 
a box extension from an outlet where 
the 3 phases are available. Connec- 
tions between rows of units are also 
in wiremould. All knockouts in the 
luminaires were factory punched and 
located 714 inches from one end only, 


and this location satisfied all as- 
sembly combinations. 
Ample space is provided in the 


luminaires and in the end closures for 
circuit wires when units are as- 
sembled end to end. Each unit is at- 
tached to the suspended metal lath 
and plaster ceiling by two _ one- 
quarter inch toggle bolts, holes for 
which are provided near each end of 
the unit. 


The correct mixing of the phases is 
best effected by taking them in order 
along one row of units and starting 
the next row with another phase and 
so on to the end of the switching 
group. This rotation is continued 
without interruption in starting an 
adjacent switching group, in order 
to avoid the possibility of two rows 
with the same phases opposite each 
other. 


ILLUMINATION LEVELS 

Foot candle readings on the hori- 
zontal plane at draughting table level 
have been taken at night. These 
readings range from 40 at the margin 
of the working areas to 65 over the 
greater part of the working area, and 
to a maximum of 75. These values 
may be considered as partly depreci- 
ated as the lamps have been burned 
over 100 hours, the period during 
which the lamps emit more than the 
rated lumen output. 


COMMENTS 

When this lighting is used at night 
there are shadows in the wrong direc- 
tion on all the tables near the outside 
walls and windows as the source of 
light is above and to the right of 
these tables. In daytime this condi- 
tion does not exist. The second row 
of tables, however, never has ade- 
quate daylight and the source of 
light for these is above and to the 
left. 


There has been some _ discussion 
about having the lines of fluorescent 
light at a horizontal angle of about 
45° with the outside wall to improve 
the shadow condition. During the 
period of trial, tables were used in all 
directions but were finally moved back 
to being parallel with the rows of 
luminaires. 


The “white” fluorescent light seems 
to blend with daylight so well, the 
daylight appears to reach right across 
the room. There is no objectionable 
colour clash as with incandescent light 
and daylight. The lamps have coated 
ends to conceal the pronounced flicker 
at the electrodes. 
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Utility Transportation 


By H. D. Rothwell, Assistant Engineer, Municipal Engineering 
Department, and Chairman of the Truck Committee, 


HE.P.G; 


NE of the most important 

tools used in the construc- 

tion and operation of a 

large public utility is me- 
chanical transportation of both men 
and materials. The vast areas and 
distances covered make it necessary 
that the work undertaken be done in 
a minimum time with a maximum 
efficiency in order that the best ser- 
vice to the public may be rendered at 
the least cost. 

In order to visualize the impor- 
tance of transportation as far as 
The Hydro-Electric Power Commis- 
sion of Ontario is concerned, it is 
interesting to note that at the present 
time approximately 350 trucks of 
various sizes and types are required 
for operation and construction pur- 
poses. In 1940 these trucks travelled 
approximately 3,623,000 miles. 

Since the inception of the Commis- 
sion, the matter of mechanical trans- 
portation has been largely the facili- 
ties offered by the motor car manu- 
facturers in the way of trucks and 
ears supplied to general commerce 
throughout Canada, but in recent 
years some special types of vehicles 
have been produced which more 
nearly fulfill the requirements of the 
work to be performed. 


Paper presented to the Ontario Municipal Elec- 
tric Association and the Association of Municipal 
Electrical Utilities at Toronto, February 5, 1941. 
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of Ontario 


Past experience has shown that 
very few, if any, of the trucks pro- 
duced by the manufacturers were 
suitable in the form received for the 
general work of the Commission, with 
the result that as soon as they were 
turned over to the operating or con- 
struction staffs, attempts were made 
to reconstruct the vehicles in a 
fashion more suitable for their par- 
ticular needs. A survey of this re- 
construction over a period of years 
has revealed many novel and prac- 
tical ideas, as well as some which 
were quite fantastic. A study of 
these has brought out the fact that 
the trucks supplied did not wholly 
meet the requirments of the work- 
men in the field, with the inevitable 
result that most engineers who had 
to do with ordering new vehicles, 
usually tried to incorporate some of 
their personal designs or those of 
the field staff, in the new trucks, in 
an attempt to produce something 
more suitable for the work to be 
undertaken. 


A survey of the Commission’s 
truck fleet made some years ago in- 
dicated the fact that approximately 
twenty different designs embodying 
individualistic ideas of the various 
sections of the Commission, were in 
use. Many of these ideas were ex- 
cellent, but no one vehicle was suffi- 
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Fig. 1—The above illustrates the type of winch and derrick equipment being 
supplied to the larger rural districts operated by the Hydro-Electric Power 


Commission. 


cient to be adopted as a standard 
for the Commission’s work. 

Until approximately three years 
ago, each department ordered trans- 
portation equipment necessary for 
the work to be undertaken, without 
reference to any other department. 
In order that there might be some 
standardization and uniformity, the 
Commission therefore appointed a 
committee of engineers to act in an 
advisory capacity to the various de- 
partments, for the purpose of select- 
ing truck designs, as well as to assist 
in the purchase, operation and main- 
tenance of the whole truck fleet, and 


This equipment will handle 25 to 40-foot poles. 


especially to reduce the number of 
types of vehicles in use. 

When this committee was first 
formed, as previously stated, at least 
twenty different designs of truck 
bodies were used by the various de- 
partments. After considerable study, 
it was felt many of these designs could 
be dispensed with and a minimum of 
not more than six or seven different 
types could be selected for the work 
undertaken by the Commission. Stud- 
ies were also made with the object of 
determining whether each particu- 
lar type of vehicle was the most suit- 
able for the work being done, that 
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Winch equipment in truck shown in 
Fig. 1. 


is to say, if the general design, size 
and weight fitted the requirements. 
After approximately one year’s study 
of these problems, the committee 
recommended the adoption of seven 
body designs which appeared most 
suitable, as also one light and one 
medium trailer, which are as fol- 
lows: 

1. Light service truck with special 
compartments, largely used for 
rural work. 

2. Open express body truck with spe- 
cial compartments. 

3. General utility truck with special 
compartments. 

4, Station maintenance truck equip- 
ped as a travelling machine shop. 
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Fig. 2—A rear view of a 102 in, all- 
steel truck body for rural line con- 
struction work, showing telescoping 
pole derrick, winch equipment, etc. It 
is mounted on a 133 in. B.W. chassis 
having a gross allowable rating of 
11,500 lb. Payload 4,800 lb. 


5. Forestry truck equipped with spe- 
cial seven-man cab. 

6. General utility truck equipped 
with crow’s nest ladder for main- 
tenance of highway lighting. 

7. General utility truck equipped 
with winch and derrick for pole 
raising. 

8. One-ton utility trailer for handl- 
ing three poles and one reel of 
cable. 

9. Two-ton combination balanced- 
type trailer for handling nine 
poles or two reels of cable. 

In designing these special bodies, 
the following points were given par- 
ticular consideration: 

1. Adequate arrangements to take 
care of the crew. 
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Illustrating the: 102 in. all-steel truck body used for rural line construction. 

This unit is equipped with sliding roof, winch, derrick and subdivided compart- 

ment space for holding tools and equipment. It is mounted on a 133 in. W.B. 
chassis having a gross allowable rating of 11,500 lb. Payload—4,800 lb. 


2. Sufficient boxes and compart- 
ments to handle the necessary 
equipment and materials required 
for the work 'to be undertaken. 

3. Consistent with the strength re- 
quired, the weight was to be held 
to a minimum. 

4. Special equipment such as the 
winch and derrick, which would 
facilitate the work to be under- 
taken, would be furnished as part 
of the installation, and attempts 
were made to eliminate adding 
anything to the body once it was 


installed. 
Heretofore, most of the body 
types supplied to the Commission 


were wood and metal construction. 
Through use over a number of years, 
these have been found not to have 


sufficient mechanical strength to re- 
sist the normal wear and tear, with 
the result that very high maintenance 
costs have been experienced. This 
resulted in studies being made con- 
cerning the use of all-steel construc- 
tion, with a view to obtaining lighter 
weight, a more pleasing design and a 
lower cost of up-keep. Observations 
made during the past few years show 
that the wood-frame construction did 
not have sufficient rigidity and 
tended to weave considerably when 
rough roads were encountered, and 


in many instances resulted in con- 


siderable breakage of the metal cov- 
ering and a loosening of the fram- 
ing. In many instances the mainte- 
nance cost reached a figure approach- 
ing as much as 50 per cent of the ori- 
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The above shows an FWD truck with 12-ft. all-steel body designed to handle 

heavy line construction and maintenance for the Operating Department. This 

truck is equipped with a single drum winch and pole derrick equipment, besides 

associated utility equipment. It is designed with spacious compartments for 
tools and equipment. 


Illustrating 138 in. all-steel station maintenance truck body. The seven-man 
crew accommodation has been accomplished by removing the rear of the stan- 
dard three-man cab, and using a flexible connection joint, and installing a bulk 
head which increases the extra seating capacity as shown in Fig. 3. This body is 
designed with a sliding roof, zipper curtain in rear, sliding window, davit, and 
spacious compartments for tools and equipment. It is mounted on a 158 in. W.B, 
chassis having a gross allowable rating of 11,500 lb. Payload—5,000 lb. 


MARCH. 1941 


84 


THE BULLETIN 


JHITHITTTTITMMTMAM! ~THE HyDRO-ELECTRIC POWER COMMISSION OF ONTARIO mmnmmmnnsnminennneninniieens 


Fig. 8—An interior view of the seven- 
man cab for the all-steel station main- 
tenance body. 


ginal cost of the body itself over a 
period of three or four years. 

A recent survey of the various 
utility companies in the United 
States, together with observations 
here, would indicate that in selecting 
a body design, it must first be known 
in detail what is to be carried on the 
truck in the way of tools, equipment 
and men. Once these factors are 
known, a suitable body type can be 
selected without much __ difficulty, 
which will give service to a high de- 
gree and provide the convenience 
necessary for the employees using 
this equipment. Most of the utility 
companies in the United States spe- 
cify in detail the tools, material and 
equipment to be carried, which as 
a matter of routine are inventoried 
once a month in order to prevent an 
accumulation of more tools, equip- 
ment and material than is necessary, 
a fact which if not observed, will 
result in the truck being finally over- 
loaded, with a consequent shortening 
in life and increase in operating cost. 

SERVICE TRUCK FOR RURAL WorRK 

A specially designed service truck 


has been standardized for rural 


A side view of the all-steel station 

maintenance truck showing subdivi- 

sion of compartment space and ladder 
rack, etc. 


work, consisting of a 90-inch, all- 
steel body mounted on a one-ton 
chassis. This truck is used princi- 
pally for connecting or disconnecting 
services, meter reading, meter chang- 
ing and light construction, and has 
been found to be a very efficient 
vehicle. The body has been designed 
with doubdle steel doors on each side, 
which open to various compartments 
of different sizes, the partitions in 
the side boxes being removable. Fit- 
ting into one of the compartments 


A side compartment opened, showing 

workman’s tool boxes, etc. in an all- 

steel station maintenance truck. It also 

shows storage space provided below 
tool box shelf. 
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Combination Pole and Cable Trasler. 


This trailer is equipped with electric 


brakes and will handle two reels of cable 23 in. wide and 40 in. in diameter, or 


ten 50-foot poles. 


The above illustrates the method of picking up two reels of 


cable. Spindle is passed through centre holes of reels. Rear bunk of trailer is 

removed and trailer is tipped back into position shown with wheel chocks block- 

ing wheels. Spindle is then located on lower end of trailer brackets. Note chain 
from tow hook to trailer eye. 


Combination Pole and cable Trailer. 
View shows trailer after being pulled 
forward by the truck to horizontal 
position and coupled to truck. The 
reels have rolled down on the spindle 
on the trailer reel brackets ‘to a posi- 
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are steel trays especially designed 
for holding sixteen meters, the 
meters being mounted on sponge rub- 
ber cushions to prevent injury while 
in transit. Hot line sticks are car- 
ried on the top shelf of one of the 
side boxes, and are _ removable 
through a small door at the rear of 
the truck. There is also an over- 
head ladder rack, together with a 


tion over the axle and spindle is locked 

in position with bolt. Rear bunk has 

been replaced, rigidly closing end of 

frame. Electric brake cable has been 

plugged into truck receptacle. When 

rear supports are retracted, unit is 
ready to haul to location. 
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Above view shows the extension reach fitted to trailer and coupled to truck. 

Trailer is now ready for its load of ten poles, which are carried wholly on the 

trailei. Pole stawchions can be adjusted to desired position on bunks and locked 

with can and lever dzvice. Note that cable reel brackets remain in position and 
do not interfere with load of poles. 


pay-out reel for handling weather- 
proof service wire. At the present 
time, the Commission has 49 of these 
trucks in the rural power districts, 
which are proving excellent vehicles 
for the particular needs. 


HIGHWAY LIGHTING MAINTENANCE 
TRUCK 

During the past two years, the 
province has experienced the first 
installation of highway lighting on 
a large scale, this construction being 
on the Queen Elizabeth Way between 
Toronto and Niagara Falls. In order 
to construct and maintain this sys- 
tem, a crow’s nest ladder has been in- 
stalled on a 1.5-ton general utility 
truck, which has proven to be a very 
desirable vehicle, although it is be- 
lieved ladders could be mounted on 
a one-ton chassis and be quite satis- 
factory. The ladders in question are 
adjustable to any desired inclination 


and to a point where men can work 
to the best advantage. They are 
designed to carry a 250-pound load, 
which for this type of work has 
proven to be quite sufficient. The lad- 
ders are demountable and the entire 
assembly may be freed from the truck 
by removing a single king bolt. It 
will be seen, therefore, that with the 
limited amount of highway lighting, 
it is not necessary to tie up a truck 


One-Ton Utility Trailer. This Trailer 
is designed to handle three poles or 
one reel of cable. 
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fet REG 


Type D, forestry (seven-man cab) truck for transporting forestry squads and 
removing brush. Having facilities for carrying special tools and equipment. 


with the aerial ladder when it might HEAVY CONSTRUCTION LINE MAINTE- 
be used for other purposes. NANCE AND SUBSTATION MAIN- 
TENANCE EQUIPMENT 


The Operating Department of the 
Commission requires, in the main, 
trucks of considerably heavier capa- 
city than are used in rural work. 
Studies have been made of two dif- 
ferent designs of bodies best suited 
for the work undertaken. In the case 


DERRICK AND WINCH EQUIPMENT 
Recently it has been found that 
derricks and winches mounted on 1.5- 
ton trucks are proving to be an effi- 
cient method of handling and re- 
placing poles by both the Operating 
and Municipal Engineering depart- 
ments. Several installations have been % 5 
/ of substation maintenance, a body 
made on 1.5-ton trucks for handling ; : 
: eon design was selected for mounting on 
poles up to 40 feet in length. © a two-ton chassis, having all-steel 


winch is operated by the truck en- construction, and designed in such 
gine and poles may be erected by 


this method, using a gang of three 
men in place of six or eight men as 
formerly. There are other uses to 
which the equipment may be put in 
the way of hoisting transformers, 
pulling out cable, etc. The winch 
is equipped with a jaw clutch con- 
trol and drum brake. Hoisting and 
lowering is accomplished through 
the reverse power take-off controlled Interior of cab of Type D forestry 
by a lever in the cab. (seven-man cab) truck. — 
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Illustrating the conversion of a truck with a normal gross rating of 16,000 

lb. to one having a gross rating of 30,000 lb. by reinforcing the chassis frame 

and using a tandem rear end with two dual purpose axles and dual wheels. It 
is used for heavy line construction work. Payload 18,000 lb. 


a way as to accommodate all the 
tools and equipment required for 
substation maintenance purposes, 
together with provision for carrying 
men comfortably. This provision 


Illustrating the usefulness of crow’s 
nest ladders mounted on trucks. This 
type of equipment is used on the con- 
struction and maintenance of highway 
lighting and is very satisfactory. 


has been obtained in a very unique 
manner. The rear of a three-man 
standard truck cab has been cut away 
and let into the body by a flexible 
connection, the body itself having a 
bulk head installed approximately 2.5 
feet to the rear of the forward end. 
By so doing, a provision is made to 
carry four additional men in the body 
of the truck, or a total of seven men 
in the crew. This design has some 
special features, permitting the bulk 
head to be moved forward and the 
space eliminated as far as man- 
carrying power is concerned, if so 
desired. The reason for incorpor- 
ating this special feature, is to per- 
mit the same body design with some 
slight modification of tool arrange- 
ment, to be used advantageously as 
a heavy line construction truck, and, 
therefore, at any time a substation 
maintenance truck may be converted 
into a line construction truck with a 
minimum of expense. It is felt that 
with this body design, all the require- 
ments of the Operating department 
may be taken care of with exception 
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Type F, light rural service truck. 


of one special design where a four- 
wheel drive is employed. 


RURAL CONSTRUCTION 


In the past, most rural construc- 
tion has been taken care of by the 
type B truck, as illustrated in fig. 1. 
This design has a half-canopy with 
tool boxes on each side, the canopy 
being largely for the purpose of pro- 
tecting men and tools from the 
weather. This design has not met 
with universal approval of the vari- 
ous rural superintendents through- 
out the province, and an attempt has 
been made to supersede it with an 
all-steel type, as illustrated in fig. 2. 
This latter type of design has a 
much larger body, a sliding roof, 
greater tool space, and is equipped 
with a zipper curtain at the rear to 
protect the men from cold weather 
in the winter and dust conditions in 
the summer. It is interesting to note 
that the design selected by the com- 
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mittee weighs approximately 1,000 
pounds less than the type B, and this 
feature is considered to be very im- 
portant due to the fact that the 
trucks are usually called upon to 


Type F, light rural service truck. 
The above illustrates the special com- 
partment spacing. Front compart- 
ments are equipped to carry 16 meters 
on trays. Long compartment fitted 
with shelves and adjustable partitions. 
This body is equipped with payout 
reel, hot stick compartment. Bodies 
available in 75 in. and 90 in. lengths 
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Heavy line construction truck used by Hamilton Hydro-Electric S'ystem. 


carry a near maximum load at all 
times. 

In general, it is felt that future 
body designs will be of all-steel con- 
struction, and while they may cost 
slightly more than the wood and 
steel construction, their life will un- 
doubtedly be much longer; also the 
bodies may be transferred from one 
chassis to another when periodic 
turn-ins are made. By so doing, the 
final cost of supplying bodies for 
trucks will be very much less than 
under the present arrangement, espe- 
cially when the lesser maintenance 
costs are taken into consideration. 

INSPECTION SYSTEM 

The Production and Service de- 
partment of the Commission, which 
is responsible for inspection and 
maintenance of the truck fleet, has 


a staff of inspectors who examine all 
trucks periodically. A careful study 
of this procedure has led to the 
conclusion that a systematic inspec- 
tion has proven to be very beneficial. 
The work undertaken by the inspec- 
tors includes a general tune-up of the 
motor, removal of carbon, valve 
grinding, installation of rings where 
required, adjusting or relining 
brakes, installing king pins, bushings, 
and any items which require minor 
adjustment. The inspectors also 
recommend when trucks should be 
forwarded to the Production and Ser- 
vice department for a general over- 
haul or when replacement is needed. 
when a trucks needs a general over- 
haul, its history is reviewed by the 
truck committee, who makes the 
final decision as to whether it should 
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be turned in on new equipment or 
given an overhaul and operated for 
a further period. 

Experience to the present would 
indicate that to obtain the most eco- 
nomical use of trucks, they should 
receive an overhaul at approximately 
40,000 miles, and turned in for re- 
placement at about 75,000 miles. A 
second overhaul has not proven to 
be economical as yet. 


OIL FILTERS AND GOVERNORS 

Studies made concerning the use 
of oil filters have not yet been con- 
clusive, but it has been determined 
that the cost of an oil filter may 
be saved in approximately one year’s 
time through the lesser amount of oil 
required by the truck. 

Governors are used on nearly all 
the Commission’s trucks for the pur- 
pose of limiting the speed of the 
heavier vehicles to about 40 miles an 


senger cars between 70 and 80 miles 
per hour. These speeds will produce 
high maintenance costs. Justifica- 
tion for the installation of governors 
on all trucks is found in the fact that 
there has only been one instance of 
burned-out engine bearings in a 
period of over two years. 


SELECTION OF TRUCK CHASSIS 

Heretofore the usual method of 
denoting the carrying capacity of a 
truck chassis was in tons; that is 
to say, a truck may be of one, 1.5, 
two or three-ton capacity, which does 
not, as a rule, designate its true ca- 
pacity, nor does it give an adequate 
means of determining a proper com- 
parison between one manufacturer 
and another. In order that there may 
be no misunderstanding as to what 
is required when purchasing a truck 
chassis, the specifications for rating 
in gross carrying capacity are as 
follows: 


Type Gross Allowable 
1-ton “FY 6,000 Ibs. 
1.5-ton “Be TL 500 2 
3-ton Stake 14,000/16,000 Ibs. 


hour and the lighter ones to around 
45 miles on hour. The fundamental 
reason for their adoption was on ac- 
count of a considerable number of 
engine bearing burn-outs, undoubt- 
edly due to excessive speeds. It must 
be realized that the gear ratios in 
trucks are very different from those 
supplied in passenger cars, and 
speeds much above those permitted 
by the governor settings may give 
engine speeds comparable with pas- 
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Weight of Chassis, 7 
Body and Cab Weight Pay Load 

3,800 Ibs. 2,200 Ibs. 

6,000 ” 550075” 
(Deduct 700 Ibs. if 
winch and derick are 

used) 
6,450 ” 7,550 Ibs. 


It will be noted that the net weight 
available for carrying a pay load in 
a so-called 1.5-ton truck, is nearly 
double that given by the manufac- 
turer. However, if gross allowable 
weights are not specified, it leaves 
room for the manufacturer in many 
instances to supply a substitute in 
the way of smaller tires or lighter 
springs, and sometimes to make 
omissions in some of the vital parts, 
resulting in a chassis much below 
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the standard required for the work 
to be performed. 

Engine specifications are also im- 
portant, and a review of this situa- 
tion has shown that in a number of 
instances trucks have been  pur- 
chased in which, undoubtedly owing 
to brisk competition, smaller engines 
have been substituted in order to 
meet a lower price level, with the 
result that when these trucks were 
placed in service, they were not able 
to perform the work in a satisfactory 
manner. 


CONCLUSION 

It would appear that in order to 
reduce the cost of utility transporta- 
tion in Canada, some basis should be 
arrived at where all utilities, whether 
they be urban or the provincial sys- 
tem itself, should co-operate in some 
manner, particularly with the idea of 
establishing a limited number of 
standard designs in order that the 
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Appeal by O.H.E. Club 
Field Branch 


The Field Branch of the Ontario 
Hydro-Electric Club has organized a 
committee for the purpose of con- 
ducting a campaign to collect funds 
to be contributed to the British War 
Victims’ Relief through the Toronto 
Evening Telegram. The chairman of 
the committee is W. H. Mills of the 
Operating Department and the secre- 
tary, Miss A. W. Waring of the Line 
Maintenance staff, both stationed at 
Dundas. 

The intent of this appeal is that the 
fiedd employees of the Hydro-Electric 


Be 


various companies may be able to 
increase the volume of production, 
which should enable them to reduce 
the cost. The following are a few 
points which should receive serious 
consideration : 


1. Reduction of the number of types 
to the smallest number possible. 

2. Selection of types which will best 
suit the requirements. 

3. Selection of a chassis which will 
not be overloaded. 

4. A standard inventory of the ma- 
terial required to be carried, with 
a view to preventing overloading. 

5. A continuous and adequate main- 
tenance. 


It is believed if these points are 
adhered to, especially with the use 
of all-steel construction, and equip- 
ping all trucks with oil filters and 
governors, that a marked decrease in 
th cost of utility transportation will 
result. 


SO 


Power Commission of Ontario unite 
to make a substantial donation to the 
British War Victims’ Fund. As mem- 
bers of the Hydro family, they are 
asked to make this fund worthy of 
the people to whom it will go; to dig 
deep and show our people over there 
that we are proud of them. 


Se 


Correction 
In the February issue, page 44, the 
date of the death of Rev. F. C. Elliott 
should have been given as January 
24th, 1941, and of Dr. T. F. Robert- 
son, January 29th, 1941. 
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Accounting— Ancient and 
Modern 


By R. Jarvie, Accountant, The Windsor Utilities Commission, 
Hydro Division, Windsor, Ont. 


HE subject of Ancient and 

Modern Accounting covers a 

very large field and it would 

be quite an undertaking to 
try and do.it justice at a meeting 
such as this where the time is 
limited. However we can look back 
as far as the records show and trace 
the outstanding facts in its progress. 
Its history is lost in obscurity, but 
researches show that methods of 
keeping accounts have existed from 
the remotest times. Records of a 
great banking house in Ancient 
Babylon have been found dating as 
far back as 2600 B.C., written on 
small slabs of clay and containing 
impressions from cylinder seals, and 
nail marks which were considered to 
be a man’s natural seal. This inci- 
dentally might have been the fore- 
runner of our finger printing system. 
Ancient Egyptian records were com- 
monly written on papyrus, and con- 
temporary pictures show a scribe 
keeping account of grain brought 
into, and removed from the Govern- 
ment Storehouse. So it is evident 
that some form of bookkeeping was 
in existence long before bound books 
were known. It is worthy of note 
that our modern system is leaning 
largely to the use of cards and loose 


Paper presented to the accounting session of the 
A.M.E.U. convention at Toronto on February 5th, 
1941. 


MARCH, 1941 


period, 


leaf records so we cannot claim ori- 
ginality for something that had a 
similar existence thousands of years 
ago. 

It is probable that at a very early 
so soon as trading trans- 
actions became too involved to be 
readily borne in mind, means would 
be found to keep some record of 
them. Thus we read in the Book of 
Ecclesiasticus “put all in writing 
that thou givest out or receivest in”. 
From certain passages in Cicero and 
Pliny it seems evident that the 
Romans understood something of 
debit and credit so far at least, as 
to make entries falling under these 
terms upon opposite pages, though 
it is said they had a gentle way of 
repudiating the one and inflating the 
other, that would hardly be approved 
to-day. The earliest example of a 
bookkeeping record now in being, 
showing the date of transaction, its 
nature, and the money value, is prob- 
ably a ledger in the National Library 
of Scotland, dated 1697. It is also 
interesting to note that this ledger 
was ruled by hand. 

Previous to that, double entry book- 
keeping had been in general use but 
when we come to look for anything 
definite regarding its date of intro- 
duction we find the records at vari- 
ance. One reliable book of reference 


claims that it was certainly not, as 
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often stated, the invention of Lucas 
de Bergio in 1494. This, however, 
is the date of the first issue at Venice 
of a printed book entitled “Every- 
thing about Arithmetic, Geometry 
and Proportion” by a Franciscan 
monk, Luca Pacioli, which contains 
among other things an explanation 
of bookkeeping by double-entry as 
then understood. It is claimed that 
the system had been in use for about 
200 years before that and it is re- 
corded that it was used in Genoa in 
1340. As an art, bookkeeping appears 
to have arisen in the great mercan- 
tile cities of Italy during the 15th 
Century and the principles of double 
entry (doppia scrittura) under the 
name of the Italian method gradually 
spread over Europe, many languages 
still retaining the origina] Italian 
names as technical terms. Perhaps 
Italy’s early association with the sub- 
ject influenced the legal require- 
ments in that country that all trans- 
actions be journalized and so gave 
the name to what we now know as 
the Italian System of Bookkeeping. 


Arthur S. Fitzgerald, Chartered 
Accountant of Windsor, in a recent 
article, quoted some rather interest- 
ing excerpts from a very old volume 
in the Edinburgh Accountants’ 
Library which is unique in that it 
was written in verse. The introduc- 
tion is as follows :— 


In Sciences we’re Nu’rous cases rise, 

And ev’ry case a different rule ap- 
plies, 

The memory hardly can those rules 
rehearse 

In prose, which it with ease can do 
in verse. 


The author goes on to general rules 
for stating accounts,— 


We debit that account which does 
Receive 

And that which does deliver—Credit 
give 

Moreover we’re obliged in each trans- 
act 

That science set forth clearly Right 
and Fact. 


Something comes to, and nothing 
from us goes, 

In such a case that something coming 
owes 

Unto the account from whence that 
something came 

Which likewise must have credit for 
the same. 


When it comes to the ledger the 
author has this to say,— 


Transactions herein divers courses 


take 

Which we must note; and every turn 
they make 

To note these justly, let this rule be 
read 


Augmented’s Debtor to Diminished. 


Perhaps ‘the author had violated 
his poetic license but it is recorded 
that he had fearlessly put into rhyme 
all manner of transactions dealing 
with bills and notes, exports and 
imports, exchanges, insurances, dis- 
counts, drawbacks and even of bal- 
ancing for which he concludes as 
follows,— 


Profit and Loss we next to Stock do 
bring 

And stock into the Balance we do 
fling 
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If then the Balance, Equal-Poiz’d be 
found 

It proves our Postings Chequ’d and 
method sound. 


Several books on Bookkeeping ap- 
peared on the Continent and in 1543, 
Hugh Oldcastle, a teacher in London, 
introduced a treatise on Italian 
Bookkeeping. This syétem, with 
slight improvements from time to 
time, continued in use in Britain 
until the close of the eighteenth cen- 
tury when Edward 'Thomas Jones, an 
accountant in Bristol, published his 
“English System of Bookkeeping by 
Single or Double Entry.” We are told 
that this work proved a complete 


failure, but it served a uSeful pur- . 


- pose in that it directed accountants’ 
attention to the necessity of recon- 
sidering the whole subject with the 
result that the system was evolved 
which was universally adopted and 
has been followed up to the present 
time. Here again we quote a differ- 
ent authority on this work of Ed- 
ward Thomas Jones, where it is 
claimed that “Jones English System 
of Bookkeeping” as he called it was 
in reality a simplified and methodized 
form of the Italian double entry. At 
that time the opinion was expressed 
that this book was still regarded as 
the standard work on the subject 
and it was then in its twentieth edi- 
tion. 

Progress about the middle of the 
nineteenth century received impetus 
from the growth of limited liability 
companies and later from the Bank- 
ruptey Act of 1869 which withdrew 
administration of insolvent estates 
from the hands of public officials. 
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The advent of limited companies also 
led to business operations being un- 
dertaken on a large scale not previ- 
ously thought of and we know how 
these have grown until the present 
time when companies have been 
merged into great corporations with 
connections and branches through- 
out the world. This expansion also 
necessitated the introduction of 


.many special forms of accounts to 


take care of the changing conditions 
and they formed the foundation on 
which our present-day systems are 
built. The necessity of keeping 
proper books has been recognized by 
the legislature, and the Debtors Act 
(Scotland) 1880 contains provisions 
for the punishment of bankrupts who 
have failed to keep satisfactory books, 
while the English Bankruptcy Act of 
1883 has a similar clause. A mer- 
chant’s books frequently constitute 
important evidence in a court of law, 
and they should for this reason, if for 
no other, be kept as neatly and care- 
fully as possible, for it is a common 
thought that bad bookkeeping is a 
cloak for illegal trading. 
Bookkeeping is described as the art 
of recording commercial and financial 
transactions in a: regular and system- 
atic manner. Its object is to preserve 
a distinct and accurate record of such 
transactions and from a well kept set 
of books, a merchant should be able 
to ascertain at any time, the state of 
his account with any person with 
whom he has dealings, and the profits 
or losses from each venture or depart- 
ment of his business, his assets and 
liabilities and the exact state of his 
affairs. The stability of a business 
depends to a very large extent upon 
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the accuracy of the information thus 
conveyed, for without it, the trader, 
in ignorance, or with only a vague 
idea of his position often proceeds 
upon wholly erroneous and _ inflated 
ideas of his resources, and is only 
awakened to the real state of matters 
by the impossibility of meeting his 
liabilities when they fall due. 

Many a bankruptcy may be traced 
directly to the errors and confusion 
arising from neglect or carelessness 
in this department. These considera- 
tions, however, are far from being 
universally realized and acted upon 
by business men. Among the class of 
small traders, especially, the time re- 
quired for keeping books in proper 
order is grudged, as being unremun- 
erative, and the work, if done at all, 
is performed in a careless and inef- 
ficient way, frequently with the dis- 
astrous results already referred to. 

It may fairly be said that a just 
appreciation of the terms Debtor and 
Creditor affords a master key to the 
whole subject and blunders and con- 
fusion can easily arise from an at- 
tempt to follow slavishly definite rules 
without an intelligent knowledge of 
their meaning; for a comprehension 
of the general principles is much 
more important than a strict adher- 
ence to any particular style—however 
excellent. Mention is often made 
that we have two systems of book- 
keeping—Single Entry and Double 
Entry, but many accountants say that 
is wrong. They claim that we may 
have two kinds of bookkeeping, but we 
have only one system—for they say 
that Single Entry is not a system at 
all. Many small traders still keep a 
record of their transactions in a 


rather slipshod way and the only 
books kept may be a cash book and 
a record of personal accounts. The 
Double Entry system which gives us 
two sides to every transaction is de- 
scribed as the true art of bookkeep- 
ing as it gives us clearly the require- 
ments of clearness, completeness and 
accuracy. However complete and ac- 
curate it may be, it cannot make up 
for slovenliness or carelessness on the 
part of the bookkeeper and it cannot 
prevent many errors and acts of omis- 
sion and commission. 

We know that the subject is taught 
in many of our schools as a branch of 
commercial education but however far 
they may go in the teaching of its 
principles—the best school is still the 
School of Experience. 

Owing to the advances made in its 
study and application, and due to the 
necessity of audits and the required 
higher standards of accounting knowl- 
edge, the professional accountant 
made his appearance. Possibly the 
earliest society of accountants, which 
was incorporated by Royal Charter, 
is the Chartered Institute—Edin- 
burgh—in 1854, and since then many 
similar bodies have been created in 
all countries of the world. It might 
also be remarked in passing that the 
first professional accountant is claim- 
ed to be George Watson who was born 
in Edinburgh in 1645, and in addition 
to his accounting duties he had a 
large private banking business. 

While the fundamental principles 
of bookkeeping are the same, the 
business requires that the books suit 
the undertaking, and we are all 
familiar with the general ledger and 
the books of original entry which 
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contain the details of all transactions. 
Beside the information required by 
the business itself, we find that legal 
enactments also, have had a great in- 
fluence in the matter and the require- 
ments of the Income Tax Authorities 
and the Government Statistical De- 
partments, etc., have made necessary 
the need for a great deal of detail. 
Private and public liability companies, 
partnerships, etc., all have their spe- 
cial problems and the progress made 
was really consolidated in Britain by 
the Companies Act of 1908 and later 
by the Act of 1929. Special regula- 
tions have also been introduced cov- 
ering bankruptcy, executor and trust 
accounts, insurance companies, finance 
companies, etc. 

While this is of general interest we 
are primarily interested in those con- 
cerns which form a parallel with our 
own Hydro systems. In Britain, gas 
companies, railway companies, water 
companies, electric light companies 
and certain other companies of a pub- 
lic nature keep their accounts under 
what is known as the “Double Ac- 
count System.” Certain classes of 
these companies are required to adopt 
this system by the Acts of Parliament 
by which they are governed and they 
publish their balance sheet in two sec- 
tions, one section known as the Cap- 
ital Account shows on the left hand 
the capital expenditures on fixed as- 
sets, and on the right hand side the 
share and debenture capital. The sec- 
ond section, known as the General 
Balance Sheet, shows the floating as- 
sets and liabilities and also the bal- 
ance of the Capital Account. 

Another feature of this system is 

that all expenditure incurred in ac- 


MARCH, 1941 


quiring or constructing fixed assets is 
divided as between 

(1) The cost of new and additional 
assets. 

(2) The cost of assets intended to 
replace existing or formerly ex- 
isting assets. 

Expenditure of the first class is 
charged to Capital and when once so 
charged remains in Capital Account 
without any deduction for deprecia- 
tion: Expenditure of the second 
class is charged to Revenue. The fix- 
ed assets, when once acquired are 
thus supposed to be permanently kept, 
out of Revenue, in an efficient con- 
dition. 

It will be evident the expenditure 
on renewal of fixed assets will be 
comparatively light during the early 
years of an undertaking’s existence, 
and will gradually increase as time 
goes on. It is therefore customary 
among companies which adopt the 
Double-Account System to charge to 
Revenue something in excess of the 
actual expenditure on renewals during 
these early years, and so build up a 
Renewal Fund to assist in meeting 
the heavier expenditure which will 
have to be incurred later; by this 
means the revenue charge for re- 
newals is spread more evenly over the 
life of the assets. 

It would seem possible under this 
system to build up very large reserves 
and it is well known that in the case 
of the British railways, over the long 
period of their existence, they show 
many sections of their permanent way 
at ridiculously low figures in com- 
parison to their present day values, 
while in addition they have large Re- 
serve Funds. This might seem like 
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an ultra conservative policy especially 
for a joint stock company but when 
they passed through the very hard 
times of some years ago it was the 
existence of these reserves which en- 
abled them to survive. The policy of 
Reserve building seems to be rather 
common, and one of the most out- 
standing examples is the oft-quoted 
Bank of England Balance Sheet 
where the Bank buildings are shown 
at the nominal figure of £1 while the 
actual value can be anything in excess 
of one million pounds sterling. We 
know of course that life moves in 
cycles and, as of old, seven prosperous 
years can be followed by seven lean 
years so just how far we should go in 
providing for the future is still a 
moot point. 

A brief reference might also be 
made to another publicly owned and 
operated organization which has at- 
tained very large and extensive pro- 
portions in Britain. ‘This refers to 
the Co-operative movement. It em- 
braces all forms of trading—manufac- 
ture, production and distribution— 
both wholesale and retail. Its mode 
of operation is somewhat different be- 
cause in addition to the members 
holding shares in varying amounts 
they receive benefits also from a divi- 
dend on their purchases. The busi- 
ness of course does not take in the 
electrical field but it seems to cater 
for the public need in every other 
way, and we can leave its considera- 
tion to others as a subject of eco- 
nomics. Mention is made here mere- 
ly to bring out the point that its 
growth was sufficient to warrant the 
issue of a sppecial text book on Co- 
operative Bookkeeping. It was pro- 


duced in Manchester, England in 
1904 and lays down established rules 
applicable to their particular require- 
ments and methods of trading. 

The uniform accounting for Muni- 
cipal Electric Utilities which we use 
in our Hydro systems today is a re- 
vised edition and was compiled and 
issued by The Hydro-Electric Power 
Commission of Ontario in July 1915. 
We are informed that it was prepared 
to provide in full detail, the require- 
ments of electric departments of mu- 
nicipalities operating under’ the 
Power Commission Act and _ subse- 
quent amending Acts and Legislation. 
It clearly states that it differs from 
those in general use devised to control 
the accounting of private utilities un- 
der franchise, particularly in respect 
to the matters of Sinking Fund pay- 
ments and _ reserves, Depreciation 
charges and reserves, Debentures 
Paid Account, and other features 
where the principles governing muni- 
cipal operation differ from those ap- 
plying to commercial operation by 
reason of annual debt reductions from 
revenue, which is at the same time 
charged to expense. This has long 
been a bone of contention with people 
both in and outside of our systems, 
but it would seem that, as previously 
quoted, controlled companies can es- 
tablish themselves in an extra sound 
condition even if they show a consid- 
erable liability under their capital 
stock. 

Reference might again be made to 
our present Hydro Accounting Sys- 
tem for we find a similar set up was 
used in New York 30 years ago. It 
would seem they must have used the 
familiar American speed in its adop- 
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tion for it was not until 1896 that the 
- first accounting body was recognized 
by the New York State. The early 
pattern may have been modified but 
it is still recognizable in a recent sys- 
tem introduced in the State of Wis- 
consin. This is prescribed and pub- 
lished by the Public Service Commis- 
sion of Wisconsin as a “Uniform Sys- 
tem of Accounts for Electric Util- 
ities—Effective January lst, 1938.” 
It must be similar to others, if not 
all States, for it is described as being 
in substantial accord to that prescrib- 
ed by the Federal Power Commis- 
sion—Effective January Ist, 1937. 

The requirements under the Com- 
mission are rather stringent and they 
cover all Public Utilities in the State. 
It is required that the accounts be 
kept in the manner specified and cer- 
tain returns must be made as pre- 
scribed by the Statutes, under various 
penalties which can be imposed for 
failure or neglect to carry out the in- 
structions. From various convention 
reports in the United States we find 
that this matter of Federal and State 
enactments in respect to statistical 
and accounting detail has got out of 
hand and complaints have been made 
repeatedly that the whole question has 
ceased to be a nuiSance and has now 
become a worry. While we in Canada 
need not pass judgment in the case 
it would seem that we are certainly 
more fortunate by comparison. 

To go into detail of the Wisconsin 
system would be too involved but con- 
sideration of a few of the items would 
no doubt be interesting. While we 
operate under three sections to suit 
varying sizes of our systems, they 
have only two classes—‘“‘A” and “B’’, 
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and the particular class which applies 
is determined by the gross revenue 
and the original cost of the plant. 
They seem to have followed the recog- 
nized rule that it is better to have too 
many rather than too few accounts, 
and every conceivable transaction ap- 
pears to be covered. Each account 
has a code number and wmlike our 


Hydro accounts they have numbers 


for both Balance Sheet and Operating 
Accounts. Starting with number 100 
which represents “Utility Plant in 
Service” they progress in blocks and 
thus we find No. 122 is for “Working 
Funds.” No. 200 is Common Capital 
Stock, No. 250 reserve for Deprecia- 
tion of Utility Plant. No. 600 starts 
the accounts necessary for recording 
the sales, and the operating expense 
accounts starts with No. 701. The 
accounts for the Assets and Liabil- 
ities are subdivided in various blocks 
to give the maximum of detail with- 
out making it necessary to analyze or 
break down a particular account and 
there does not appear to be any per- 


“mission to group any of the items. 


Operating Revenue is covered by 16 
separate accounts ranging from No. 
600 for Residential Sales to No. 615 
for Miscellaneous Revenues. In the 
operating Expense Accounts the num- 
bers run from 701 to 809 and there is 
a separate account for each consecu- 
tive number without a break—in fact 
in quite a number of cases each num- 
ber is subdivided—as for instance in 
the account for meter expense there is 
762-1 “Removing and _ Resetting 
Meters,” 762-2 “Testing Meters” and 
762-3 “Miscellaneous Meter Ex- 
pense.” Altogether the Table of Con- 
tents consists of the following: 
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Abstracts from Wisconsin Stat- 
utes 
Definitions 
Instructions—General 
Balance Sheet Accounts 
Utility Plant Accounts 
Earned Surplus Account 
Income Accounts 
Operating Revenue Accounts 
Operating Expense Accounts 
Clearing Accounts. 

Under each class of accounts there 
are—Instructions, Schedule of Ac- 
counts and Text of Accounts, and alto- 
gether the whole text covers 174 pages. 

When we consider the extent of 
these transactions we might take 
heart and realize that after all our 
Hydro Accounting Manual is not so 
formidable after all. Of course all 
the accounts are not used by every 
system in Wisconsin but they cannot 
adopt a free and easy method, for one 
of the abstracts from the Statutes 
says very distinctly ‘““No Public Utility 
Shall keep any other books, accounts, 
papers or records of the business 
transacted than those prescribed or 
approved by the Commission.” While 
it is true that all transactions appear 
to be covered no doubt there will still 
be the same discrepancy when it 
comes to the question of interpreta- 
tion of distribution and apportion- 
ment for, human nature being what 
it is, our personal interest influences 
our opinion, and we know how faulty 
appropriations can alter and distort 
the final picture of our operations. 

In the United States there is a limit 
placed on the extent of the profit or 
at least on the dividend which can be 
declared and paid on the share cap- 
ital. Consequently many of the util- 


ity companies expend large sums on 
the improvement of their plant and 
equipment and the standards of the 
personnel is kept high. In addition 
they have a great many services for 
their employees and all these outlays 
help to keep the profits within bounds. 
In Hydro we provide Power at Cost 
and our accounts are so arranged that 
the analysis can be determined for 
the different classes of our consumers. 
American utility companies of course 
do not operate on this basis, for they 
are not publicly owned, but if results 
show that an adjustment on rates is 
justified, then the consumers can 
make an appeal for such adjustment 
through the Commission which has 
the power to hear the case. Needless 
to say, probably appeals will only be 
made when some revision downward 
is desired, for the companies can be 
trusted to take any steps necessary 
when the existing rates are not suf- 
ficient for their operations. When the 
necessary investigations are made we 
see the advantage of uniform ac- 
counting, and comparisons can be 
made more readily. Possible differ- 
ences can arise, for there are always 
circumstances which alter cases, and 
these can occur without any wilful de- 
sire to mislead. In our own Hydro 
life we know there are different prob- 
lems which are peculiar to a particu- 
lar town or system. There is no de- 
sire to break the rules but sometimes 
they have to be bent to meet the situ- 
ation. Policies vary in different dis- 
tricts and they have their effect which | 
are reflected in the yearly statement 
when we come to compare the details 
of the many reports. 

The journey into the past may have 
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proved only of slight interest, but at 
_ Jeast it has been a diversion from the 
usual procedure, and it serves to show 
that this particular field of endeavour 
in which we are interested certainly 
has a background. With regard to its 
present phase, it provides us with the 


CO 


opportunity to try and make our ac- 
counting system as perfect as pos- 
sible, and being a publicly owned and 
operated organization, we know we 
have every facility to supply the ex- 
ample of a perfect model in our books 
of account. 


SE SE 


A.M.E.U. Committee Report 


Report of Rates 
Committee 


The A.M.E.U. Rates Committee 
held one meeting during the year, 
- viz.,in Toronto in December. At this 
meeting the committee reconsidered 
its report for 1989 which was pre- 
sented at the Winter Convention at 
Toronto on Tuesday, February 5th, 


1940, and which was referred back - 


to it. The revised report is given as 
follows, with references to other mat- 
ters taken up. 


FLAT RATE WATER HEATERS 

Suggestions had been received of 
giving an extra discount when flat 
rate water heaters are controlled. 
By controlling this load power would 
be made available for other purposes, 
as also distribution system and line 
transformers. Against such saving 
there is the expense of installing the 
control system. The committee made 
the following suggestion: 

When the flat rate water heater 
load in a municipality is controlled, 
that the rates to all flat rate water 
heaters in the municipality be made 
uniform, i.e., there will be no distinc- 
tion as far as rates are concerned, 
whether the heaters are controlled 
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or not. The suggestion of using 
extra discounts in such municipalities 
is not considered desirable. Where 
the tank is installed the rental for 
the tank should be added to and in- 
cluded in the rate. 

In municipalities where there is 
no general system of control of the 
flat rate water heater load but where 
some method is adopted of control- 
ling certain individual heaters, ap- 
plication may be made to The Hydro- 
Electric Power Commission of On- 
tario for a special discount to be used 
in the billing of such controlled heat- 
ers based on conditions existing in 
the municipality. 

In municipalities where the flat rate 
water heater load is controlled, 25 
per cent should be deducted from the 
kilowatt-hours used for the purpose 
of splitting costs for system analysis. 

For the purpose of system analysis, 
the cost of installing flat rate water 
control should be charged to the 
whole system and split on demand. 
RE 75 PER CENT OF DEMAND RULE 

The suggestion was made at the 
1939 Summer Convention, that the 
present ruling for decreased load, of 
billing on the basis of not lower than 
75 per cent of the previously estab- 
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lished maximum demand be consid- 
ered to ascertain if this limit could 
be lowered. This was referred to 
The Hydro-Electric Power Commis- 
sion of Ontario, whose Rates Com- 
mittee advised that, since with the 
present 75 per cent limit, the net 
revenue from service charge without 
considering class or local discounts 
became 67.5 cents per horsepower per 
month of the previously established 
maximum demand, it did not consider 
a reduction of the present limits de- 
sirable, when compared with the cost 
of the service. A concession might 
be made when requested, however, 
that while retaining the present limit 
of 75 per cent applying to the service 
charge, by dividing the _ kilowatt- 
hours on the basis of actual demand. 
This committee accepted the Commis- 
sion’s suggestion, this change to 
apply to power users only, commer- 
cial lighting service to remain un- 
changed. 


NEON SIGNS 

Attention was directed towards the 
lack of uniformity in marking Neon 
signs to show their rating, and also 
to the present rulings governing 
billing for them. The Hydro-Electric 
Power Commission was asked to take 
steps toward having a uniform meth- 
od of labelling the signs in an acces- 
sible location, and also to consider 
rewriting the rules for billing these 
signs, taking in fluorescent lighting. 
The Commission’s Rates Committee 
advised that the matter of labelling 
Neon signs had been discussed with 
the Electrical Inspection Department, 
and instructions had been given to 
that department to establish a uni- 
form method of labelling them, giv- 


ing the rating in amperes and volts, 
the label to be placed in an acces- 
sible location. The Commission’s 
committee recommended that no 


‘change be made in the wording of 


the present rules for billing. This 
report was accepted by this commit- 
tee. . 

The committee has asked The 
Hydro-Electric Power Commission of 
Ontario to make a study of fluores- 
cent lighting, particularly where no 
power-factor correction equipment is 
installed. 


SMALL LOADS, INTERMITTENT LOADS 
AND ELEVATOR MOTORS 

The question was brought up as to 
the intent of the rules for billing for 
small loads and for intermittent 
loads, referring to Clauses 45, 46 and 
47 of the Standard Interpretations 
of Rates. The Hydro-Electric Power 
Commission of Ontario was asked to 
reword these clauses so as to clarify 
the intended meaning. The Com- 
mission’s Rates Committee submit- 
ted a suggested revision for Clause 
45, “Service to Small Loads” which 
was amended slightly and accepted. 
The proposed new Clause 45 is: 

“Unless a polyphase street main at 
motor voltage passes the consumer’s 
premises, installations of less than 
5 horsepower will be given single- 
phase service. If polyphase service 
is required by the consumer for less 
than 5 horsepower, and it is not al- 
ready available from existing poly- 
phase street mains, such load may 
be billed on a minimum of 5 horse- 
power.” 

The Commission’s Rates Committee 
submitted a suggested rewording of 
Clauses 46 and 47, “Intermittent 
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Motors” which endeavoured to clar- 
ify the intention of these two clauses. 
The suggestion was accepted for ap- 
plication except in municipalities 
where there are special conditions, and 
the Commission was asked to write 
the clauses in their final form. 

In order that there will be no mis- 
understanding as to the capacity of 
intermittent rated equipment, The 
Hydro-Electric Power Commission 
was asked to take steps to have all 
such equipment supplied with name- 
plates, put on by the manufacturers, 
showing the rating as “‘intermittent”’. 

Service to welders was introduced, 
but discussion of this subject was left 
over for a future meeting. 


SHORT TERM POWER 

The Committee was asked as to its 
understanding of a sentence in the 
clause in the Standard Interpreta- 
tions of rates regarding short-term 
power “The consumer shall pay the 
cost of providing or removing the 
additional equipment required for 
this service’, whether the intention 
was that the consumer should pay 
for one or both items of “providing” 
and “removing”. The committee 
ruled that the intention was that the 
consumer pays the cost of both of 
these items. 

Also an explanation was asked of 
the last sentence of the same clause 
“Short Term power contracts may be 
permitted for restricted power dur- 
ing the winter months, namely, from 
November Ist to the last day of Feb- 
ruary”. It was ruled that if restrict- 
ed power is available it could be sold 
under short term contracts, subject 
to the extra discount for restricted 
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stock at that time. 


only on the unrestricted basis. 


MONTH AND CALENDAR MONTH 
The Hydro-Electric Power Com- 
mission of Ontario was asked to pre- 
pare a clause for insertion in The 
Standard Interpretations of Rates 
defining the words “month” and “cal- 
endar month” as used in them. This 
was deemed necessary since a legal 
decision has been handed down based 
on the interpretation of these words. 
Signed on behalf of the Committee, 

W.R. CATTON, 
Chairman. 


Se 


J. G. Archibald, Wood- 
stock, Retires 


After forty years of service to the 
city, J. G. Archibald resigned from 
the position of manager of the Wood- 
stock Public Utilities Commission on 
March Ist, 1941. He will continue 
to make his home in Woodstock, and 
has been retained as a consultant to 
the Commission. 

Mr. Archibald is a native of Nova 
Scotia, and received his first electri- 
cal training with the Halifax Electric 
Light Company. From there he went 
to an electrical construction company 
which carried on work in different 
parts of New York state. 

In 1891 he came to Woodstock to 
take charge of the electrical plant of 
Patrick and Powell who were supply- 
ing electricity and also gas in Wood- 
Shortly after, 
however, he left to accept a position 
in British Columbia. 

On March Ist, 1901, the city pur- 
chased tthe electric plant from Patrick 
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J. G. Archibald 


and Powell, and Mr. Archibald re- 
turned from British Columbia to be- 
come manager of the plant, which 
was moved into a new part of the 
waterworks building. Later with the 
formation of the Public Utilities 
Commission, electricity and water 
both came under his management. 
When he first took over the manage- 
ment for the city, the staff consisted 
of himself, one lineman and one fire- 
man. The plant served 60 arc lamps 
on the streets, two homes and a few 
store windows. Woodstock joined 
the Hydro movement in 1905, and 
was one of the first to take power 
from The Hydro-Electric Power Com- 
mission in 1910. The contract was 
for 1,200 horsepower, and the load 
taken during the first month of 
operation, December, 1910, was 450 
horsepower. Since that time the 
Woodstock load has grown to an 
average load during 1940 of nearly 
7,000 horsepower, and the system has 
required the addition of three sub- 


stations. The present office building 
was bought and remodelled in 1919. 

Prior to Hydro the rates for light- 
ing service were 8 cents per kilowatt- 
hour, plus 20 cents per month for 
meter rental. In 1939 the net cost 
per kilowatt-hour to consumers for 
domestie service was 1.1 cents and 
for commercial lighting service 1.3 
cents. ; 

Mr. Archibald has many local] in- 
terests in Woodstock in which he is 
an active worker, and it is our wish 
that he may be long spared to enjoy 
his well-earned leisure. 


Se 


Woodstock’s New 
Manager 


On the retirement of J. G. Archi- 
bald from the office of manager of 
the Woodstock Public Utilities Com- 
mission, J. Russell Sullivan, assistant 
manager, was appointed manager. Mr. 
Sullivan is a Woodstock boy, having 
been born and educated there. He 
spent some time at the Canadian 
Westinghouse plant at Hamilton, and 
the Chevrolet Motor Car Company at 
Flint, Michigan. He also spent several 
years with the International Nickel 
Company at Copper Cliff at Creighton 
Mines and at High Falls. 

In 1920 he joined the staff of the 
Woodstock Public Utilities Commis- 
sion, and has since served there con- 
tinuously as assistant, in charge of 
the electrical and water departments. 

The Bulletin joins with his many 
friends in congratulating him on his 
appointment, with the hope that as 
time goes on he will make a record 
similar to that of his predecessor. 
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Toronto Per Year 
s | 
H.C. Don Carlos 
ENRY CARTER DON vate Patients Pavilion, Toronto Gen- 
CARLOS, chief operating eral Hospital, on Saturday, March 29, 
engineer of The Hydro- 1941. On Monday, March 24th, he 


Electric Power Commission 
of Ontario, passed away at the Pri- 


APRIL, 1941 


attended his duties at the office as 
usual, but on the following Wednes- 
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= was made engineer in charge of elec- 
trical, mechanical and hydraulic engi- 
Vol. XXVIII No. 4 neering of the Colorado Division of 
APRIL, 1941 the Telluride Power Company. In 1906 
; pe: he was transferred to the position of 
Page ‘Superintendent of a subsidiary com- 
ee pany, the Eureka Electric Company, 
eee Wilting (forme ane 109 Eureka, Utah, where he had .charge 


H.E.P.C. Laboratory Industrial 
_ X-Ray Unit 


New Pole Specifications. ..................... 
C.E.S.A. Specifications 51 and 52 119 


Aluminum 
War Research—An Engineering 

Problem 
The Electrical Industries of 

Canada and the War Effort ..... 
How Progress is Made in Engi- 
_ neering 


The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medtum for the discus- 
ston of “Hydro” matters and to main- 
tain the co-operative spirit between 
municipalities, as well as between 
municipalities and the Commission. 
Articles of interest are invited for 
publication. 


day was admitted to the hospital suf- 
fering from pneumonia. 

“Don” was born in Cooper County, 
Missouri, in 1875. Upon graduation 
in Electrical Engineering from Mis- 
souri State University in 1902, he 
joined the Colorado Fuel and Iron 
Company at Pueblo, Colorado, but a 
short time later went to the Telluride 
Power Company at Telluride, Color- 
ado, being engaged in power house 


of local distribution work, reconstruc- 
tion, transmission line construction, 
substation design and construction, 
and also of electrical installations for 
mine hoists and pumps. He left the 
Telluride Power Company in Febru- 
ary, 1912, to become operating super- 
intendent of The MHydro-Electric 
Power Commission of Ontario. Short- 
ly after this he was appointed oper- 
ating engineer and placed in charge 
of the operation and maintenance of 
all of the Commission’s transformer 
stations, transmission and distribu- 
tion lines; as the Commission ex- 
panded and generating stations were 
acquired or built, the operation and 
maintenance of these plants was also 
placed under his supervision. 

In professional circles he was a fel- 
low of the American Institute of Elec- 
trical Engineers, serving as Chair- 
man of the Toronto Section in 1924 
and 1925, and as a director of the 
Institute from 1926 to 1930. He was 
a member of the Association of Pro- 
fessional Engineers of the Province 
of Ontario, being registered in the 
Electrical, Civil and Mechanical 
Branches. As a member of the Engi- 
neers Club of Toronto, he served for 
a time on the Board of Directors and 
in 1939 was president of the club. 

Prominent in engineering circles 
during the whole of his career, being 
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widely known both in Canada and the 
United States, particularly among 
electrical engineers, the honours ac- 
corded him indicate the universal 
esteem in which he was held and bear 
witness to his abilities, which he 
freely offered in the service of the 
engineering profession and of the 
community at large. His interests 
extended beyond technical matters; 
he was an excellent golfer, an ardent 
hunter and fisherman. 

He possessed the happy faculty of 
making friends readily, and number- 
ed them in many walks of life. In all 
departments of the Hydro, both in 
the Head Office and in the field, his 
loss as a leader and a fellow worker, 
but above all as a friend, will be most 
keenly felt. 

Mr. Don Carlos is survived by his 
widow, one son, Allan, who is on the 
Commission’s staff and three daugh- 
ters, to all of whom we extend sin- 
cerest sympathy. 


SO 


J. E. B. Phelps, Sarnia 


James Edward Blake Phelps, Man- 
ager of the Sarnia Hydro-Electric 
Commission, died in the Sarnia Gen- 
eral Hospital on Thursday, April 
24th, 1941, after a short illness. Had 
he lived until June he would have 
completed a quarter of a century as 
manager of the Sarnia system. 

Jim was born in 1873 at Spring- 
ford, Oxford County, but at the age 
of eleven years went to Point Ed- 
ward to work in a grocery store 
operated by his uncle. Subsequently 
he went railroading and worked a 
short time as fireman on the Grand 
Trunk Railway. In 1900 he entered 
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the employ of the Sarnia Gas and 
Electric Light Company as fireman. 
Realizing the disadvantage he was 
placed in the engineering field by 
not having obtained an engineering 
education, he at once enrolled for a 
course with the I.S.C. and although 
working on a daily shift of twelve 
hours, seven days per week, he found 
time to pursue his studies and obtain 
his diploma. In three years time he 
was chief engineer and electrician 


of the company. In June, 1916, the 


plant and distribution system were 
taken over by the city and he was 
appointed manager. 

When he started with the company 
the plant contained one 500 light a.c. 
generator and a 50 light arc machine. 
The load taken by the Sarnia system 
during November, 1916, the first 
month of Hydro operation, was 268 
horsepower. The average load taken 
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during 1940 was 8,806 horsepower. 
Prior to Hydro, lighting service was 
supplied at the rate of 6 cents per 
kilowatt-hour. During the year 1939 
the average cost to consumers for 
domestic service was 1.5 cents per 
kilowatt-hour, and for commercial 
lighting service 1.4 cents. 

Mr. Phelps was a member of the 
American Institute of Electrical En- 
gineers and of the Association of 
Professional Engineers of the Prov- 
ince of Ontario. He was president 
of the Association of Municipal Elec- 
trical Utilities in 1924. 

Affectionately known as the Father 
of Hydro in Sarnia, he took an ac- 
tive part in supporting the move to 
have Hydro brought to Sarnia. Since 
then his popularity in Hydro circles 
has extended all over the province 
and his ready assistance in discus- 
sions of problems arising out of the 


operation of the utilities will be 
missed greatly. 


cS od 


Canadian Minister to U.S. 
Former Hydro Employee 


Loring Christie, Canadian Minister 
to the United States, who died on 
April 8th, 1941, served for two years 
on the staff of The Hydro-Electric 
Power Commission of Ontario. In 
1927 he came to the Commission as 
special advisor to the chairman, C. A. 
Magrath. In this capacity he assisted 
Mr. Magrath in negotiating with the 
Gatineau Power Company for power 
from Quebec and in the preparation of 
agreements covering its delivery. He 
also took a part in the discussion of 
international and _ interprovincial 
water rights in regard to their bear- 
ing on Hydro. 


Main dam, from sluiceway end, Abitibi Canyon development. 
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Planned Wiring for Planned 
Lighting 


By E. W. Moodie, Illuminating Engineer, H.E.P.C. of Ont. 


LECTRIC lighting is insepar- 
ably linked to electric wiring. 
Wiring can exist alone, but 
lighting cannot. Copper wires 
are the essential link between genera- 
tion and utilization, and all our light- 
ing progress has marched down these 
metal highways. We have developed 
a “Science of Seeing’’, but do not let 
us forget that at the same time and 
with equal rapidity, there has grown 
upsithe “Art: ;of Electric Wiring”. 
Recognition of the new art, and appli- 
cation of its techniques, will provide 
the only sure road down which our 
lighting programs can succeed. 
Lighting men dislike wiring. To 
them it is uninteresting and confus- 
ing. They do not understand it, and 
So avoid coming to grips with it. And 
although a lighting plan without wir- 
ing is only half a plan and impossible 
of realization, we go blithely on our 
way marking outlets and wattages, 
specifying fixture types and hoping 
fervently that nobody will ask embar- 
rassing questions about the wiring. 
We know the customer cannot him- 
self meet the need for an intelligent 
wiring plan, but we nourish a secret 
hope that some “progressive wire- 
man” will be called in to take up the 
sales story where we have left off, 
sell the really hard part of the job, 


A paper presented in part before the first Cana- 
dian Regional Conference of the Illuminating 
Engineering Society at Toronto, March 19, 1941. 
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and then engineer and install a wir- 
ing system that will fulfil the many 
requirements of modern usage. And 
by virtue of these happy circum- 
stances our customer can then proceed 
to make the lighting installation so 
carefully planned by us, with a good 
assurance that it will function suc- 
cessfully. 

And bitter experience notwith- 
standing, we press ever on developing 
better illuminants, better techniques 
and better sales stories but avoiding 
always the troublesome wiring prob- 
lem. Our most carefully engineered 
plans get strangled in tight wires, and 
lost in a confused maze of conduits, 
panels, feeders and wiring appur- 
tenances. 

Surely there is need for collabora- 
tion between interests so interde- 
pendent as those of wiring and light- 
ing, and it seems to me that a chal- 
lenge is presented here for more in- 
terchange and co-operation. We light- 
ing men have much to learn and we 
have something to impart. A Science 
to give and an Art to acquire. 

It is encouraging to note therefore 
that our Society has recognized the 
need to the extent of collaboration on 
a Handbook of Interior Wiring De- 
sign. If you are not familiar with 
this book, I recommend it to your 
careful study. And although I do not 
recall any papers on the subject of 
wiring in our Toronto Chapter, some 
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very fine ones have been presented at 
the Annual Convention, as you prob- 


ably know. We are slowly but surely 


awakening to the need. 

Wiring has unfortunately lost caste 
throughout the years because of the 
old time carpet-bagger wireman. This 
man may have been a good enough 
mechanic, but as soon as he was faced 
with Ohm’s law he retired in a panic. 
His concept of planned wiring was to 
cajole the electrical inspector into 
special rulings for a minimum job, 
and to satisfy code requirements only 
after issuance of several defect not- 
ices by the Inspection Department. 
He was usually in business for himself, 
which meant that he was in debt to 
every wholesaler in town and was at 
best unable to do more than get paid 
for his labour, and rather poorly at 
that. I heard of a case where one of 
these men was at last able to retire on 
$100,000 and go to Florida to enjoy 
the rest of his years. It turned out 
that an uncle had died and left him 
$99,900. Representing the wiring in- 
dustry as these men were, meant no 
good for the industry. 

On another hand, wiring has lost 
prestige because of a too common type 
of fixture salesman whose only con- 
cern was to sell fixtures and lamps, 
and who thought any two wires show- 
ing through the ceiling offered legiti- 
mate excuse to make a sale. Any 
need of re-wiring was minimized for 
fear of losing a sale, and electricians 
and inspectors alike were persuaded 
to the limit so as to keep the wiring 
expense to the irreducible minimum. 
Every wiring job was given for quo- 
tation to many contractors on the as- 
sumption that at least one would make 


a mistake and the job would profit at 
his expense. But while the contractor 
lost, the job lost more, and the level 
of the entire industry slipped just a 
little. 

To-day fortunately, these well known 
types are passing. Every large con- 
tractor has one or more engineers on 
his staff, and the influence of such 
fine associations as the National Elec- 
trical Contractors and the Service 
Leagues, are spreading wider and 
going deeper. The fixture salesman 
has become a lighting engineer, and 
begins to realize that a lighting job 
must be sold complete, and that the 
rewiring will cost several times as 
much as the re-fixturing. 

But we are not out of the dark 
woods yet, and before we see the clear, 
there are many trees to be felled. With 
unity of purpose and ordinary good 
sense we can work out, among us all, 
the many problems in our path. 

May I mention the place of the 
Consulting Engineer in this picture. 
If all jobs were engineered by these 
men our troubles would be largely 
over. But unfortunately they are not, 
because the bulk of all projects are 
not of sufficient individual value to 
justify in the public mind engagement 
of such specialized counsel. The Con- 
sultant is not therefore a universal 
electrical advisor to the building in- 
dustry, but is engaged almost exclus- 
ively upon large projects which in 
bulk constitute only a small part of 
the whole. We cannot, under present 
circumstances, depend upon his excel- 
lent work to save us from our major 
difficulty. 

Planned lighting is a vast subject 
which you will readily admit, and we 
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spend long hours of study and discus- 
sion upon its many complexities. 
Planned wiring is probably as large a 
subject, certainly far too large for 
any adequate description in the time 
at our disposal to-day. There is time 
to mention only a few high spots as 
we review some essential factors gov- 
erning its design and use. 


1. It must provide Distribution. 
Distribution requires: 
—conductors 
—conductor raceways 
—load centres, panels, bus bars, 


transformers 

—feeders, sub-feeders, branch 
circuits 

—outlets. 


2. It must be Safe: (a) to human 
life; (b) against fire. 
Safety requires: 
—insulation 
—identification of conductors 
—grounding 
—protection of live parts 
—mechanical protection 
—overload and short circuit pro- 
tection 
. =—-protection against dampness, 
explosive mixtures and other 
special conditions. 


3. It must be Efficient. 
Efficiency requires study of: 
—adequacy of conductors (wire 
size, distance, line reactance 
and power factor) 
—regulation (voltage factor) 
—wiring system employed (volt- 
ages and phases) 
—wiring method used 
—type of equipment. 
4. It must be Reliable. 
Factors affecting reliability are: 
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—mechanical strength and posi- 
tive electrical contacts 

—low rise in conductor tempera- 
ture 

—design for maximum demand. 

—transfer switching and dual 
feeders 

—circuit breakers and fuses of 
proper characteristics. 

5. It must be Flexible and allow for 

Growth: 

These require consideration of: 

—switching and control 

—adequate raceways (square 
duct, bus duct, floor duct, cellu- 
lar metal floor raceways, hollow 
base boards, trolley duct) 

—adequate circuits 

—unit switchgear 

—liberal use of imagination, ex- 
perience and intelligence. 


6. Economical Installation. 


This requires a complete knowl- 
edge of equipment and wiring 
systems as well as modern instal- 
lation methods. Basic units of 
cost per ampere foot of conductor, 
and cost per installed kv-a. should 
be worked out for various sys- 
tems in the case of each jjob be- 
fore economic selection can be 
made. : 

It becomes apparent from this very 
sketchy outline that planned interior 
wiring for all its simplicity of pur- 
pose, becomes a very complex and in- 
teresting study, and is capable of an 
almost infinite variety of arrange- 
ment. 

There are those who think that, 
given a plan with outlets properly lo- 
cated, there is nothing more to wiring 
design than to join the outlets all to- 
gether like a bunch of grapes, specify 
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two per cent maximum volt drop, and 
depend on the electrical inspector for 
the rest. The electrical inspector per- 
forms an essential and important ser- 
vice, but he cannot insist on more 
than minimum safe requirements for 
life and fire hazards. Vague require- 
ments such as two per cent maximum 
volt drop are usually meaningless, un- 
enforceable, and an indication of our 
own lack of knowledge. We are pass- 
ing the onus of design to the many 
contractors who are bidding against 
each other, and who know that the 
design which will cover up the maxi- 
mum skimp will get them the job. 

The first step in planning wiring 
is to size up the building itself: what 
materials it is made of; the structural 
design; what use it will be put to; 
what special conditions there will be; 
what future uses and demands it may 
be subject to, and many similar obser- 
vations. 

If it is an existing structure it will 
be necessary now to survey the pres- 
ent wiring system, decide what use if 
any can be made of present circuits, 
raceways, etc., and note on the plan 
possible panel locations, pipe shafts, 
closets and the like for concealment 
of risers and equipment, and then re- 
late the information to the a yas 
new lighting layout. 

For use in our own service work 
we have developed a wiring survey 
form for handy check by the field man 
of many of these points. It is not 
perfect, nor even complete, being a 
first attempt, but it indicates the im- 
portance we attach to this kind of in- 
formation. The data we get in this 
way permit us to give the customer 
Some genuinely useful advice which 


he can then pass on to his electrician 
to the benefit of all concerned. The 
forms are good for small and moderate 
jobs where there is no complexity of 
equipment. 

Let us consider briefly the problems 
involved in modernizing an existing 
structure. There are 7 functional di- 
visions to study in an old building 
where re-wiring is to be done, and 
any one or all of these may prove 
bottlenecks to the re-lighting pro- 
orams 


Home runs. 
Branch circuits. 


1. Service entrance. 

2. Main switch or breaker. 

83. Switchboard or distribution panel. 
4, Feeders. 

5. Panels: 

6. 

fe 


SERVICE ENTRANCE 

The service entrance can often be 
re-located to great advantage and an 
“electrical room” provided to house 
the equipment. Study of power rates 
may suggest purchase of primary 
power with provision by owner for 
necessary transformations. Original 
lines are seldom adequate and instal- 
lation of new ones allows operation of 
old equipment while job is being done. 


MAIN SWITCH OR BREAKER 

Replacement is almost certain. Air 
circuit breakers offer many advan- 
tages for main protection on heavy 
low voltage lines. Where banked ser- 
vice switches are used for distribution 
feeder protection, the existing main 
service switch can often be re-used 
for this purpose. 


MAIN SWITCHBOARD 
It seldom pays, nor is it practical, 
to rebuild old equipment. Factory as- 
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sembled unit switchboards are neat, 
_ gafe, easily installed, and flexible in 
application. In smaller jobs choice 
must be made between panels and 
gutter box assemblies, and if space is 
limited the panel may be essential. 
Neatness and ease of installation are 
characteristic of the panel, while 
cheapness and flexibility mark the 
gutter box load centre. Where use 
is made of old cutouts, it is a good 
idea to use fuse clip clamps. 


FEEDERS 

Increasing feeder capacity is an in- 
dividual problem for every job. Ex- 
isting risers can often be used to feed 
one panel of a run of 2 or 3 above each 
other, new feeders being carried to 
the upper ones. An old feeder may 
be paralleled by a reinforcing feeder 
of equal size and length if the 
cables of like polarity are sweated 
into the same lugs. Increased voltages 
are sometimes used in large projects 
to obtain the necessary increase in 
load capacity in existing feeders. 


PANELS 
Because of the more compact design 
of modern panels, new interiors can 
often be installed to advantage in the 
existing cabinets or tubs which will 
afford ample room for the increased 
circuits, and into which existing con- 
duit runs are terminated. New trim 
will be necessary to fit the new in- 

terior and old cabinets. 


HOME RUNS 
If existing home run conduits are 
inadequate, surface raceways in the 


corner of corridor ceilings are often 
a very good means of solution. 
BRANCH CIRCUITS 

These usually constitute the largest 
job in the changeover, and the most 
troublesome. New insulations of 2/64 
in. thickness instead of 3/64 in. as 
at present specified, allow the current 
carrying capacity of present raceways 
to be increased as much as 3 times. 
These “‘thinwall” wires as they are 
called, have been approved by the Na- 
tional Board of Fire Underwriters for 
use in existing structures, and have 
already been extensively used with 
great success in the United States. 
They usually make the modernization 
plan possible without installation of 
new conduits, reducing ‘the cost there- 
by and avoiding cutting and otherwise 
marring of the building. They are 
not approved as yet by our own Cana- 
dian Electrical Standards Association 
which are investigating their possi- 
bilities. There are certain considera- 
tions in respect to low temperatures, 
mechanical strength, braid and use 
for new construction that have to be 
taken into account. 

Few people realize that inside 
buildings we have, in the aggregate, 
the largest distribution system in the 
world, with the most miles of wire, 
the largest dollar investment. If we 
are to be worthy guardians of the 
lighting industry we must be prepar- 
ed to tell the public the whole truth 
in respect to a more abundant use of 
artificial light, and be better prepared 
our own selves to render this needful 
service. ay 
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HEPC: Laboratory Industrial 
X-Ray Unit 


By D. G. Watt, Assistant Testing Engineer, H.E.P.C. of Ontario 


URING the last fifteen years 

engineers have shown an 

increasing interest in util- 

izing X-rays for determin- 
ing the soundness and freedom from 
defects in structural materials. Just 
as human bones and organs may be 
viewed on the fluorescent screen or 
recorded on photographic film by 
means of X-rays, so may any struc- 
tural or machine part, whether it be 
made from metal, masonry, wood, 
rubber, plastic or ceramic materials, 
or assemblies of these, be radiograph- 
ed without damage to reveal the pres- 
ence of hidden faults or careless 
workmanship. X-rays thus furnish 
the engineer with a non-destructive 
inspection tool which is applicable to 
practically all materials. 

As such it has many uses. Among 
these may be mentioned the promo- 
tion of safety by proving the sound- 
ness of fittings or devices on the 
strength of which human life de- 
pends; the prediction of satisfactory 
operating performance of castings, 
welds or other parts used in engi- 
neering structures or machines; the 
improvement of foundry technique by 
X-ray study of pilot castings and the 
elimination of expensive machining 
operations on defective castings. 

So useful and varied have become 
the applications of X-rays in industry 
that it was decided to install in the 
Laboratories facilities for conducting 
this class of work. It was thought 


that X-ray equipment twould prove 
particularly useful in examining line- 
men’s spurs and other safety devices, 
important aluminum, copper and steel 
castings, conductor joints, insulators 
and the like. 

After a preliminary study of the 
available equipment and the Commis- 
sion’s present requirements, an X-ray 
unit was purchased, installed and 
placed in operation in December of 
last year. It consists, essentially, of 
a 150 kvp., 1.5 millimeter line-focus, 
shock-proof, ray-proof, water-cooled 
X-ray tube excited by a high poten- 
tial transformer through a full-wave 
synchronous mechanical rectifier. The 
arrangement of the apparatus is such 
that it may be used conveniently for 
either fluoroscopy or radiography. 

In Fig. 1 the unit is shown ar- 
ranged for taking a radiograph or 
X-ray picture of a number of cast 
aluminum conductor joints. These 
are placed under the tube on top of 
an X-ray film, enclosed in a light- 
proof holder, supported on a lead- 
topped adjustable table. After the 
proper exposure, the film is removed 
from the holder in a dark room and 
developed by practically the same 
method as photographic film. Where 
several exposures are required, a lead 
sheet housing completely surrounding 
the tube, subject and film, may be se- 
cured to the table to protect the opera- 
tor from the injurious effects of scat- 
tered radiation. 
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Fig. 1—X-ray unit arranged for taking radiographs of cast aluminum 
conductor joints. 


The unit assembled for fluoroscopic 
work is shown in Fig. 2. In this case 
the tube is placed under the table and 
the X-ray beam directed upward. A 
rectangular section of the lead table 
top immediately above the tube is re- 
moved and the lead-lined viewing box 
shown in Fig. 3 is placed over the 
opening. The X-ray beam, after 
passing through the subject, in this 
case a cast aluminum conductor joint, 
strikes the fluorescent screen. The 
image produced on the screen is re- 
flected from, a mirror so placed that 
the operator, while viewing, is out of 
the direct X-ray beam. Further pro- 
tection from scattered radiation is 
provided by the sheet of lead glass in 
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the operator’s line of vision, the lead 
lining in the viewing box and the lead 
apron extending from the table top 
to the floor. 


To facilitate rapid handling, the 
objects to be inspected by the fluoro- 
scope may be carried under the screen 
on the trolley conveyor illustrated in 
Fig. 2. To minimize eye fatigue 
fluoroscopic examinations are always 
performed with the room in total 
darkness. For the same purpose ad- 
justable lead shutters are fastened 
above the tube cone to cut off the 
X-ray beam, and thereby extinguish 
the brilliant glow, from all parts of 
the screen except those on which the 
image of the subject appears. 
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Fig. 2—X-ray unit arranged for making fluoroscopic examinations of 
cast aluminum conductor joints. 


Although fluoroscopy is limited to 
the examination of parts made from 
aluminum pr light metals, rubber, 
plastics, wood or very thin sections 
of steel, such a method, where applic- 
able, has advantages over radio- 
graphy in speed and economy. It is 
not as sensitive, however, as the 
radiographic method in_ revealing 
small defects and its sensitivity falls 
off rapidly where higher voltages are 
required to penetrate subjects of 
greater thickness or higher density. 
In addition, in inspecting by this 
method, the acceptance or rejection of 
the piece depends on the momentary 
judgment of the operator as no per- 
manent X-ray picture is provided for 
record purposes or further study. 


The limitations of any X-ray unit 
when used for radiographic work de- 
pend chiefly on the penetrating power 
of the radiation which can be pro- 
duced. As the voltage is raised to 
the permissible voltage rating of the 
tube, the wave length of the radiation 
becomes progressively shorter and its 
penetrating power increases. For in- 
stance, a unit of 75 kvp. rating might 
be used to X-ray 14 inch thickness of 
steel, whereas one of 200 kvp. rating 
could penetrate 3 inches of the same 
material. 


To obtain, in a radiograph, the best 
definition and least distortion of the 
internal defects in the subject, simple 
geometrical considerations will show 
that the area of the focal spot in the 
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A—Viewing hood. 
B—Lead glass. 


C—Mirror. 
D-—Fluorescent screen backed by lead 
glass. 


E—Specimen trolley. 

F—Movable lead shutters. 

G—xX-ray tube. 

H—Lead apron. 

Fig. 3—-Cross section of fluoroscopic 
viewing box. 


tube, or the spot from which the X- 
rays emanate, should be as small as 
possible and that, during the expos- 
ure, the tube should be placed as far 
as is practicable from the film. For 
the purpose of eliminating fogging 
of the film by scattered and secondary 
radiation, which are always produced 
when X-rays strike matter, a variety 
of blocking techniques have been de- 
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veloped using metal shot, lead sheet, 


barium clay, etc. To increase the 
range of thicknesses in a_ sub- - 
ject which can be satisfactorily X- 
rayed by one exposure, methods, such 
as building up the thin sections by 
means of metallic shot or powder, or 
immersing the whole in a liquid hav- 
ing an equivalent absorption coeffi- 
cient, are often used. 


The thickness of material that can 
be penetrated at any given voltage 
depends on its density and atomic 
weight. Thus, while the Laboratory 
150 kvp. unit can readily penetrate 
6 inches of wood and 3.5 inches of 
aluminum, it can only penetrate 1.25 
inches of steel and 0.875 inches of 
copper in a reasonable exposure time. 


In the four months during which 
the Laboratory unit has been operat- 
ing, some 800 fluoroscopic examina- 
tions and a number of radiographs 
have been made of a new type of cast 
aluminum conductor joint prior to 
machining. In the first shipments of 
these a rather large percentage was 
rejected for shrinks, blowholes and 
pinhole porosity. X-ray examina- 
tions indicated the desirability of 
changing the design of the mould. 
When this was done the number of 
rejects was reduced to less than three 
per cent in the later shipments. 


Both fluoroscopic and radiographic 
examinations proved of little value in 
detecting fine cracks in these castings 
and other methods were evolved for 
this purpose. However, examinations 
of drilled aluminum test blocks of the 
same thickness as the joints, namely, 
1.375 inches, showed that defects as 
small as 0.10 inch could be detected on 
the fluorescent screen. In radiographs 
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of the same test blocks holes less than 
0.041 inch in diameter were readily 
discernible. 

In view of the extent to which the 
successful operation of the Commis- 
sion’s plant and the safety of many 


PS 


of the employees depends on the satis- 
factory performance of _ structural 
parts, the use of this modern tool for 
laboratory inspection and study of 
engineering materials should be of 
great value. 


PE #SS 


New Pole Specifications 


By T. R. Campbell, Manager, Overhead and Underground Division, 
Northern Electric Co., Montreal, Que., and Chairman, 
C.E.S.A. Committee on Wood Poles 


HE Canadian Engineering 

Standards Association has 

completed the standard speci- 

fications for Wood Poles they 
have been working on for some time. 
These are now obtainable from 
C.E.S.A., Ottawa, as follows: (Price, 
50 cents each). 

Specification C-15-A—Eastern White 
Cedar Poles (Northern White). 
Specification C-15-B—Western Red 

Cedar Poles. 

Specification C-15-C—Red, Jack and 

Lodgepole Pine Poles. 

Specification C-15-D—Creosote Treat- 
ment for Pine Poles. 

These specifications possess one 
feature that has not been eicbodied 
in any specifications previously avail- 
able and that is that pole classes are 
designated by numbers instead of let- 
ters and, because of the basic prin- 
ciples followed, it has been possible 
to classify poles so that poles of the 
same class and length have approxi- 
mately the same initial strength re- 
gardless of species. In times like the 
present when closest attention is 
given to selecting poles to meet speci- 


fic loading conditions, this should be 
a worthwhile feature. Throughout 
the preparation of these specifica- 
tions, it was kept in mind that a pro- 
duct was being dealt with that is 
manufactured by nature and that the 
specifications should fit the majority 
of poles as they grow and not at- 
tempt to make the poles fit the speci- 
cations. The latter method would 
tend to be wasteful of pole timber by 
rejecting many serviceable poles and 
thus add unnecessary costs. 

In each specification seven classes 
are adopted with breaking load as- 
signments as follows :— 


Class 1—4,500 pounds. 
Class 2—3,700 pounds. 
Class 3—38,000 pounds. 
Class 4—2,400 pounds. 
Class 5—1,900 pounds. 
Class 6—1,500 pounds. 
Class 7—1,200 pounds. 


It will be noted that beginning 
with Class No. 7, the increase is ap- 
proximately 25 per cent for each class. 

The foregoing table assumes that 
the load is applied 2 feet from the top 
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of the pole and that the pole breaks 
at the ground line. 


The formula used to determine 
ground line circumference :— 


C=15.59 a! M/f 


in which C is the circumference in 
inches at the ground line, M is the 
resisting moment in foot pounds at 
the ground line (assumed equal to the 
maximum ground line bending mo- 
ment—namely, the product of the 
class breaking load and the lever 
arm) and f is the ultimate fibre stress 
in pounds per square inch of the tim- 
ber. In determining the length of the 
lever arm, depths of pole settings 
were assumed consistent with those 
in general use throughout the coun- 
try and which had been found from 
experience to be satisfactory in ser- 
vice. The circumference at 6 feet 
from butt was obtained by applying 


AS 5 


3B 


to the ground line circumference a 
correction for the taper between the 
two points. 

Ultimate fibre stress figures used 
in these specifications, are as follows: 
Eastern White Cedar—3,600 lbs. per 

square inch. 

Western Red Cedar—5,600 lbs. per 
square inch. 
Pine—6,000 Ibs. per square inch. 

In order to make full use of all 
sound poles and not reject those 
whose only defect is failure to meet 
both top and six feet from butt cir- 
cumference, Classes 8, 9 and 10 are 
provided, but it is not intended that 
these will be used for general con- 
struction work. There may be occa- 
sions when for temporary or unim- 
portant work, the use of a low-priced 
pole of these classes may be justified. 

It is hoped that the Electric Utili- 
ties of Canada will find these Pole 
Specifications valuable. 


Se 


C.E.S.A. Specifications 51 and 52 


Forming Part II of the Canadian 


Electrical Code 


By J. R. Catterall, Testing Engineer, Canadian Engineering 
Standards Association, Approvals Division, Toronto 


Specification C22.2 No. 51 


ARMOURED CABLES AND ARMOURED 
| Corps 


HIS is a revised edition of 
the Canadian Engineering 
Standards Association’s Speci- 
fication covering armoured 
cables and armoured cords. Electri- 
cal contractors and others in the in- 
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dustry are quite familiar with this 
type of cable and many contractors 
refer to it as “BX” (the latter being 
merely one of the trade-names for the 
material). 

There are no radical constructional 
changes in the cable specified in the 
new edition, but as the stock of the 
previous edition (July, 1938) had be- 
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come exhausted it was decided to pre- 
pare a new edition to take care of a 
number of proposed alterations in the 
arrangement of the matter, correct a 
few dimensional values, and clarify 
the wording of certain requirements. 
Holders of the July, 1938, edition are 
advised to furnish themselves with a 
copy of the new edition if they wish 
to be right up to date. 


% * % %& 


Specification C22.2 No. 52 


SERVICE ENTRANCE CABLES 

This is an entirely new specifica- 
tion of the Canadian Engineering 
Standards Association. Service en- 
trance cable is a type of cable which 
was introduced to the electrical trade 
by the manufacturers of wires and 
cables in the United States about six 
or seven years ago, at the request of 
public (electrical) utilities, who, in 
their efforts to promote a more ex- 
tensive use on the part of household- 
ers of electrical appliances — chiefly 
electric ranges—found themselves 
handicapped because of the high cost 
of replacing existing service conduits. 
These conduits, sufficient for a con- 
sumer’s ordinary lighting loads, were 
too small to allow for the larger ser- 
vice cables necessary to supply both 
light and electric ranges. Public 
utilities in Canada were faced with 
the same problem as those in the Uni- 
ted States, and Canadian manufactur- 
ers of wires and cables responded to 
the demand for a less expensive form 
of service entrance. 

The fact that this specification has 
only just been issued does not mean 
that service entrance cables are only 
now being used in Canada. The cables 


have been used in Ontario and in 
some other parts of Canada for at 
least four years. Approval was given 
for the use of these cables under a 
temporary arrangement “for trial in- 
stallation”, which procedure was first 
recognized in the 1935 edition of the 
Canadian Electrical Code, Part I. The 
issuing of this specification indicates 
that specific types of cable have now 
received official recognition by the 
Committee on Part II of the Cana- 
dian Electrical Code and that hence- 
forth the material may be placed on 
the list of materials approved by the 
C.E.S.A. (Approvals Division). 

The use of the new cable is how- 
ever not confined to replacements, as 
it may be used on new work for light, 
heat and power supplies. Its use is 
not entirely restricted to that part of 
a consumer’s supply which is attach- 
ed to a building. Some styles of Type 
SE cable are sufficiently light in 
weight yet of sufficient tensile 
strength to permit of their use from 
the pole to the building and then down 
the side of the building (without the 
use of rigid steel conduit) direct to 
the meter or other service equipment. 
In other words, some types of SE 
cable serve the purpose of a service 
drop cable in addition to a service 
entrance cable. All types however 
may be used merely as substitutes for 
ordinary rigid steel conduit services 
provided that the proper fittings are 
used where the upper end of the cable 
at the building is attached to the or- 
dinary supply feeders (service drops) 
from the pole. 

Specification C22.2 No. 52 covers 
two principal types of service en- 
trance cable—Type ASE (armoured 
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type) and Type SE _ (unarmoured 
type). 
TYPE ASE 

This type is required to have inher- 
ent protection against mechanical in- 
jury and a flame-retarding moisture- 
resisting covering. 

The use of Type ASE does not ap- 
pear to be general, probably because 
of its greater cost as compared with 
the Type SE. Type ASE is always 
circular in cross-section. Its usually 
solid core consists of insulated con- 
ductors with very thoroughly impreg- 
nated fillers in the valleys and over 
the twisted conductors. Over the core 
and fillers is a heavy armour of form- 
ed galvanized steel tape, the tape be- 
ing wound helically and so shaped 
that the edges of adjacent turns over- 
lap and interlock,—exactly as in or- 
dinary flexible steel conduit and 
armoured cable. Over the steel 
armour there is woven a heavy cot- 
ton braid which is then impregnated 
with weather-resisting and flame-re- 
tarding compounds. This type is 
much too heavy and solid to be used 
as a service drop cable and where it 
is used it generally takes the place 
of a rigid steel conduit service en- 
trance and therefore requires a ser- 
vice head at its upper end—similar to 
Type F condulet fittings used on rigid 
steel conduit services. 


TYPE SE 
This type is sub-divided into six 
styles : sl eis AL sie. hen 


“TA” and “IUR’, the general con- 

struction of which is as follows:— 

Style U—The copper wires forming 
the uninsulated (neutral) conduc- 
tor are wound helically over the in- 
sulated conductor assembly,—that 
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is, under either the rubber sheath, 

or the outer fibrous coverings em- 

ployed in lieu of a rubber sheath 

(the moisture seal). 

Style A—The construction is the 
same as in Style “U”, except that 
a galvanized, inter-locking, flat 
steel tape is wound directly over 
the uninsulated neutral conductor. 

Style UR—The construction is the 
same as in Style “U” except that a 
number of galvanized steel rein- 
forcing wires are incorporated with 
the bare copper wires of the unin- 
-sulated, neutral conductor. 

Style IU—A simple assembly of two, 
three, or four insulated conductors, 
twisted together in a standard lay- 
of-twist—under either a rubber 
sheath, or the outer fibrous cover- 
ings employed in lieu of a rubber 
sheath (the moisture seal). 

Style IA—The construction is the 
same as Style IU except that a gal- 
vanized, non-interlocking, flat steel 
tape is wound directly over the 
conductor assembly. 

Style IUR—The construction is the 
same as Style IU except that steel 
reinforcing wires are wound heli- 
ca'ly over the insulated conductor 
assembly. 

The first three styles of Type SE 
cable embody an uninsulated neutral 
conductor in the assembly of conduc- 
tors. The last three styles have all 
conductors insulated. 

Styles “A” and “IA” of Types SE 
cable are often referred to as 
“armoured types of service entrance 
cable”. This is unfortunately the 
cause of much misunderstanding on 
the part of electrical inspectors, elec- 
trical contractors and others. The 
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only ‘“‘armoured” service entrance 
cable covered by this specification is 
Type ASE, the construction of which 
has been previously described. Con- 
fusion would be avoided if styles “A” 
and “IA” of Type SE cable were re- 
ferred to by some other term than 
“armoured”: the flat steel tape, as 
used in these two styles and which is 
wound spirally over the conductor as- 
sembly and does not interlock as in 
the case of the tape on Type ASE, is 
not recognized aS an armouring be- 
cause it is considered to afford practi- 
cally no resistance to impact. Per- 
haps the confusion referred to above 
arose from the unfortunate adoption 
of the style letter “A” used to dis- 
tinguish these two styles from the 
others. 


Rule 402 (f), sub-clause 4 (i) of 
the 1939 edition of the Canadian Elec- 
trical Code will permit the use of 
Type ASE cable on side walls of 
buildings without additional protec- 
tion against mechanical injury be- 
cause of the fact that the interlock- 
ing steel armour is considered to af- 
ford this protection; sub-clause 4(ii) 
requires that Type SE cable shall be 
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protected by conduit or other ap- 
proved means where installed within 
7 ft. of the ground or where subject 
to mechanical disturbances,—such as 
might occur near awnings, window- 
shutters, swinging signs, etc. It 
should here be mentioned that when 
the 1939 edition of the C.E. Code, 
Part I, was being drafted only three 
styles of Type SE cable were planned 
—“A’”’, “U”, and “UR”; the other 
three styles “IU”, “IA” and “IUR” 
were added to this specification at a 
later date. | 


The maximum, working voltage for 
which the cables are rated is as fol- 
lows: 


Type ASE: all conductors insulat- 
ed—600 volts; one conductor un- 
insulated—150 volts to ground. 


Type SE: all conductors insulated 
—3800 volts; one conductor unin- 
sulated—150 volts to ground. 


* x * * 


Copies of these standards may be 
obtained from the Canadian Engi- 
neering Standards Association, Na- 
tional Research Building, Ottawa, 
price 50 cents each. 
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Aluminum 


By R. E. Powell, President, Aluminum Company of 
Canada, Limited, Montreal 


LUMINUM is not a mixture 
or combination of other 


metals. It is one of the 
elements — the same as 
iron, copper or gold. It is not ex- 


pensive. It is easily worked. It re- 
sists corrosion. When alloyed, it is 
as strong as mild steel. It weighs 
only one-third as much as iron. These 
qualities help to explain the selec- 
tion of aluminum and its alloys as the 
materials best suited for so many 
things, including numerous and im- 
portant parts of modern aircraft. 

The war effort of the aluminum in- 
dustry may be _ understood more 
quickly if the industry is considered 
to have two principal parts. 

Firstly, there is the production of 
crude aluminum by chemical and 
electrolytic processes, the ore for 
which is bauxite—and, practically 
speaking, bauxite is obtainable only 
in tropical and sub-tropical countries. 

Secondly, there is the primary fab- 
rication or conversion of the crude 
metal into castings, plates, sheets, 
tubes, rods, forgings, structural 
shapes and the many other forms 
needed by those who manufacture 
such things as aircraft. 

When the Germans planned this 
war, they apparently decided that 
overwhelming superiority in the air 
would bring about the speedy collapse 
of the countries they wanted to dom- 
inate, absorb or destroy — and that 
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Radio address broadcast by the 
Broadcasting Corporation on March 30th, 
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meant more and more modern air- 
craft, which are approximately 75 
per cent. aluminum. Isn’t it reason- 
able to assume, therefore, that the 
Germans didn’t start the war until 
they believed themselves to be su- 
perior in aluminum? Be that as it 
may, Germany produced more alum- 
inum in 1938 and 1939 than any other 
country and, in addition, Germany 
imported substantial quantities of the 
metal. And, what is equally impor- 
tant, Germany equipped itself to cast, 
roll, extrude, forge and otherwise 
convert all of its huge supply into the 
parts needed for its fleet of the air. 
How did Germany do this? It was 
done by people enslaved to prepare for 
conquest—a people denied even ade- 
quate food and clothing that more 
money might be available for war. 


The fact that Canada and other 
democracies found themselves unpre- 
pared for the kind of war forced upon 
them is proof positive that they want- 
ed and expected peace. Certainly 
Canadians had no thought of attack 
against other peoples. We wanted 
to be left alone and to use our re- 
sources and energies to produce for 
the benefit of the people—and not 
for their destruction. 


CONQUESTS AIDED NAZIS 
When the Germans invaded Poland, 
the production of aluminum in Can- 
ada was exceeded by the production 
in Germany but the Canadian produc- 
tion was the result of 40 years of 
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effort uninfluenced by thoughts of 
war, except, of course, during the 
four years of the first World War. 
The superior position of the Ger- 
mans was improved by their conquest 
of Norway and France, both impor- 
tant producers of aluminum but, even 
before the fall of those unhappy coun- 
tries, expansion in Canada was well 
under way. In only 11 months the 
Canadian industry more than doubled 
the capacity developed during the 40 
years preceding the war—and the ca- 
pacity continues to soar. 

Measured by cubic feet, the volume 
of aluminum now being produced in 
Canada is greater than the volume of 
any other metal produced in this 
country, except iron, and it is enough 
to make more than 50,000 planes 
annually. 

The United States and Canada to- 
gether produce more aluminum than 
the rest of the world. 

Only in Norway is the per capita 
power generation greater than in 
Canada and yet 1% of all the electri- 
cal energy generated in this great 
Dominion will very soon be used to 
make aluminum—and that is twice as 
much electricity as is used in all of 
the homes throughout the whole of 
Canada. With only a small market 
for aluminum and with practically 
none of the raw materials needed for 
its production, Power, then, is the ex- 
planation of the magnitude of the 
Canadian aluminum industry. 


To make the _ greatest possible 
amount available for war, Canadian 
aluminum is no longer sold for any- 
thing not urgently needed by the 
armed forces of the United Kingdom, 
Canada and their Allies. Factories 


no longer make such things as alum- 
inum cooking utensils, foils, wire, 
paint pigment and radio parts and 
in Hamilton, Toronto, Valleyfield, 
Montreal, Three Rivers, Shawinigan 
Falls and other Canadian cities and 
towns factory owners and employees 
have willingly sacrificed their estab- 
lished businesses and trades—all in 
the common interest of winning the 
war. 


SURPLUS SENT ABROAD 

During the years past, Canada’s 
consumption of crude aluminum sel- 
dom exceeded 10 per cent of its pro- 
duction. The surplus was exported, 
principally in crude form for the 
reason that users of the metal in 
other countries required local fabri- 
cating facilities—and tariffs and 
other forms of nationalism in those 
countries did not help Canada to sell 
for export except in crude form. In 
1938 the foreign business came from 
59 countries and brought to Canada 
foreign exchange having a value of 
$24,000,000. 


Before the war, Canada’s fabricat- 
ing facilities, more than sufficient for 
its home market, were used to con- 
vert metal for manufacture of articles 
wanted by peaceful peoples and, as 
a result, the country was not well 
equipped to convert aluminum and its 
alloys into the forms needed for mod- 
ern war. 

But since the fateful September of 
1939, fabricating and conversion 
plants in Toronto, Montreal and else- 
where have been improved and di- 
verted to work for war, and huge new 
establishments have been built, equip- 
ped and put into operation: so that 
this country is now able to deliver 
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aluminum in all of the forms required Men and horses, tractors and 


_for the construction of all kinds of 
war planes—and in quantities amaz- 
ingly large. 

Although the rapid and _ substan- 
tial expansion cost a very large sum 
of money, the Governments of the 
United Kingdom, Canada and their 
Allies are now able to buy Canadian 
aluminum at prices less than those 
current at the beginning of the war 
and that is largely because aluminum 
workers have so patriotically and en- 
thusiastically devoted themselves to 
their share of national service. 


The men — some sweltering in 
tropical bauxite mines, some shiver- 
ing as they dam a wind-swept north- 
ern river—have resisted their natural 
wish to join the armed forces. To 
them is given the stern task of forg- 
ing the weapons for others to use— 
almost endless toil without glory. 
They and the contractors who have 
collaborated with them have indeed 
accomplished marvels. To be fully 
appreciated, their accomplishments 
should be even better known. 

As an example, urgent and impor- 
tant problems caused one engineer to 
fly thousands of miles to visit two 
tropical countries to help with the de- 
sign and construction of docks, rail- 
way bridges and other bauxite facili- 
ties now being created there by Cana- 
dians and, almost before anyone 
realized that he had gone, he returned 
only to find another problem at a new 
aluminum power’ development in 
northern Quebec, almost 200 miles 
from the nearest habitation. Practi- 
cally speaking, he stepped from one 
*plane to another, from the Tropics to 
the sub-Arctic. 
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trucks, food and cement and every- 
thing else required for the new power 
development had to be transported by 
plane. The total freight so carried 
was greater than that of any other 
air freight contract in Canada’s 
history. | 


GREENLAND A KEY POINT 
Cryolite, essential for the produc- 
tien of aluminum, occurs only in 
Greenland, a Danish colony almost 


within sight of Canada. Invasion of 


Denmark jeopardized the supply of 


that essential material. Within a 
few hours after the invasion of Den- 
mark was known in Canada, repre- 
sentatives of the Dominion Govern- 
ment and of the aluminum industry 
began co-operative effort which sub- 
sequently took the form of an expedi- 
tion to Greenand largely for the pur- 
pose of insuring adequate supplies of 
eryolite for British aluminum produc- 
tion. Food, clothing and other ne- 
cessities of life were also sent to 
Greenlanders, so precipitously detach- 
ed from their homeland. More and 
more, Greenland is turning toward 
Canada as a source of all supplies. 

Ships to transport raw materials 
and aluminum have been acquired. 
Some have been lost—but others are 
being found and everything kept 
moving. 

And so the work goes on and will 
go on until victory is won. Canadian 
engineers and geologists, doctors and 
nurses, teachers and priests, account- 
ants and builders, welders and car- 
penters—yes, labourers representing 
every degree of energy of mind and 
muscle—are working from the trop- 
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ics to the sub-Arctic—all inspired 
with the knowledge that they are 
helping to produce the aluminum 
needed to win this war. 


SAO 


SA 


Within its field, then, the aluminum 
industry is providing the tools of 
war—and it will help Mr. Churchill 
to “finish the job.”—La Sentinelle. 


SOE 


War Research—An Engineering 
Problem 


By Dean C. J. Mackenzie, M.E.I.C., Acting President, 
National Research Council of Canada, Ottawa, Ont. 


PROPOSE to speak to-night 
about science and war; of the 
part science has played in the 
preparation for and is now 

playing in the conduct of the present 
conflict. 


Mr. Winston Churchill, reviewing 
the first year of war in Parliament 
on August 20th, 1940, drew attention 
to the fundamental difference between 
the war of 1914-18 which he described 
as a “war of men and shells” and the 
present one which he described as “a 
conflict of strategy, of organization, 
of technical apparatus of science, 
mechanics and morale.” 


Of the great importance of strat- 
egy and morale, there can be no ques- 
tion but I will discuss only the or- 
ganization and relationship of science 
to technical apparatus and mechanics 
of war. 


In referring to science, I use the 
word in its generic sense, not as 
something apart from its application 
to operations and industry but as one 
activity extending from the highly 


Radio address broadcast by the Canadian Broad- 
casting Corporation and sponsored by the Engi- 
neering Institute of Canada, October 23rd, 1940. 


specialized research worker in the 
laboratory through the stages of 
engineering development and indus- 
trial production to maintenance and 
military operations in the field. 

Of two things I am convinced: (1) 
That the British Empire to-day is 
superior to Germany in scientific and 
technical matters, which was not the 
case in 1914; (2) That while dic- 
tatorships may have some advantages 
over democracies in the political, fi- 
nancial and economic control of a 
nation, the same cannot be said of its 
scientific activities. These two gen- 
eralizations, if true, are deeply sig- 
nificant, for it can be easily main- 
tained that modern wars are not a 
matter of “men and shells” but large- 
ly of scientific development, mechan- 
ics, technical apparatus, and organiza- 
tion—in other words, applied science 
or engineering. If democracies can 
mobilize the resources of science as 
effectively in war as can the dictator- 
ships, there should be no doubt as to 
the final results of this war, and if 
the scientific philosophy and _ tech- 
niques can make a nation victorious 
in war, there should be little difficulty 
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in the peace to follow unless the fu- 
- ture leaders of democracies fail to 
appreciate clearly what are proving 
to be the fundamental structural ele- 
ments of a modern industrial nation. 

What is the fundamental measure 
of a nation’s status as a scientific and 
industrial state? At the risk of over- 
simplification, I suggest it is the de- 
gree to which mechanical power has 
been substituted for human labour. 
The idea is not new—the evidence is 
apparent everywhere; the implica- 
tions of this movement, however, 
have never, I think, been appreciated 
in advance. The _ substitution of 
mechanical power has been taking 
place at an ever-accelerated pace since 
the 18th century; it is still going on. 
We see around us everywhere changes 
brought about in the past; we admit 
in principle but rarely envisage re- 
alistically how great will be the fu- 
ture changes. In no field is this more 
apparent than in war. 


‘When wars descend upon us, the 
public is inclined to be critical of 
those in responsible control, but I 
think it only fair to our military lead- 
ers to admit that, for the last 15 
years at least, thoughtful staff officers 
of the forces in Canada and England 
have been. prophesying what Mr. 
Churchill, on August 20th, stated as 
a current fact—that the war of to- 
day would be not one of “men” but 
of machines, that the front line would 
run through the factories, and that 
scientific planning, technical equip- 
ment, and industrial production would 
be prime factors. The scientific and 
technical officers of the military 
forces and civil establishments in 
England, I suggest, are not respon- 
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sible for the difficulties we are ex- 
periencing to-day but they are large- 
ly responsible for our greatest bless- 
ing that, plane for plane, our Air 
Foree is superior to the much-vaunted 
German machine. 

It has been stated that in the old 
Canadian Corps of 1918, the horse- . 
power of all the mechanical equip- 
ment was probably less than 50,000, 
while to-day a modern Corps of four 
divisions has about 1,000,000 horse- 
power incorporated in innumerable 
vehicles, trucks, tanks and carriages. 
If, for illustration, we accept the esti- 
mate that it takes ten men to perform 
the work of one horsepower in a ma- 
chine, we see the modern corps, 
equipped with an increased effective 
energy capacity equal to that of 
nearly 10,000,000 additional men. 
This comparison, of course, must not 
be pursued too literally but the im- 
plications are obvious: in 1914 all 
army officers were supposed to know 
something of horsemanship and be 
able to ride. To-day such officers 
must be able to drive a truck, ride a 
motor-cycle and know something of 
internal combustion engines. 

The tank corps, with their mech- 
anical horses, have made cavalry 
obsolete, and the pilot of a fighter and 
the air crew of the bomber, control 
and direct greater forces of power 
than did many a brigadier-general in 
1918. When we realize the extent of 
army mechanization, the number of 
high-powered planes, the masses of 
artillery and tanks with which a mod- 
ern nation in arms must be equip- 
ped, we begin to appreciate that the 
war of to-day bears about the same 
relationship to past wars (even that 
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of 25 years ago) as does a modern 
mass-production industry to a simple 
cottage industry of the 17th century. 
This, of course, means more and more 
scientific, engineering and _ technical 
training; relatively fewer men in ser- 
vice units but more highly trained 
and elaborately equipped. 

When Mr. Churchill said, ‘Never 
in the field of human conflict was so 
much owed by so many to so few,” he 
paid a tribute to the most gallant 
band of heroes of the air and the sea 
that the world has ever known and 
we all say, ‘Aye’, but a tribute was 
also paid at the same time to the rela- 
tively few scientists and engineers 
both of the fighting services and 
civilian establishments who, through 
20 years, while the democracies were 
bathing listlessly in the enervating 
philosophy of disarmament and ap- 
peasement, were quietly developing 
machines and equipment as superior 
in quality as the youths who now op- 
erate them. 

It is, of course, not permissible to 
discuss scientific research and devel- 
opments that have matured or are 
under way but something can be told 
of how such work is organized and 
carried out. 


England in 1914 was not organized 
scientifically; there were, of course, 
many eminent scientists of world re- 
nown and the standards of applied 
science and engineering were high 
but there was no co-ordinating agency 
such as German had had for years, 
nobody whose duty it was to organ- 
ize, support and correlate the activi- 
ties of the numerous laboratories and 
workers of the nation. When war 
broke out in 1914 this handicap was 


quickly recognized and a government 
Department of Scientific and Indus- 
trial Research was set up for this 
purpose and- increasingly generous 
support for both civil and military re- 
search has been given ever since, with 
the result that to-day in this respect 
the advantage is not on the side of 
Germany. 

In addition to the civil Department 
of Scientific and Industrial Research 
in England, the Navy, the Army and 
the Air Force all support research in- 
stitutions, under the necessary condi- 
tions of military secrecy and discip- 
line, and manned by highly qualified 
scientists, both of civilian and mili- 
tary rank. Unfortunately, scientists 
and engineers working in such sta- 
tions cannot, of necessity, publish the 
results of their work and the public 
knows, and can know, little of their 
accomplishments, but events’ are 
gradually disclosing the extraordin- 
ary value of their activities during 
the past decade, and I think it will 
be an eternal credit to the wisdom 
and far-sightedness of responsible 
officers of the services that during all 
those depressing days of disarma- 
ment and cutting of military budgets 
they continued to spend larger and 
larger proportions of their shrinking 
revenues on scientific research, de- 
velopment, design and planning. The 
results are now becoming apparent. 
The Royal Navy is maintaining its 
ancient level of technical excellence. 
The youngest of the services, while 
lacking numbers is superior, man for 
man, plane for plane. The magnetic 
mine was quickly mastered by su- 
perior scientific application and the 
scientific and technical equipment and 
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- proved to be second to none. 

To me a fact of the greatest sig- 
nificance is that in the Empire scheme 
of scientific organization, there is an 
unusually intimate integration of the 
efforts of civilian and military scien- 
tists, civilian and military engineers 
and industrial establishments in the 
production and use of apparatus, 
equipment and supplies for war. In 
Engand, many eminent university 
scientists have worked as volunteers 
for years in close co-operation with 
the services and now are seconded to 
research stations. Many § scientists 
who, until a few years ago, were in- 
terested only in problems of funda- 
mental research of no immediate ap- 
plication, under the stimulus of na- 
tional peril, have become feverishly 
interested in direct application and 
some of the finest engineering design 
and development is being done by 
such men. Today, both in Canada 
and England, the vital stress is on 
application. The line between pure 
and applied science has become oblit- 
erated. Scientific research is an en- 
gineering problem because if develop- 
ments have no chance of ending up in 
industrial production and_ effective 
tactical use in the field, no scientist 
engaged in war work is interested. 
The pure scientist becomes an engi- 
neer overnight. It is not a matter of 
different techniques but a matter of 
nearness of objective. Long-term 
fundamental research is for times of 
peace. In a war for survival we live 
on our capital and work for today. 

In 1916, following England’s ex- 
ample, Canada also established a Na- 
tional Research Council for the pur- 
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scientific and industrial research in 
Canada. Through the generous sup- 
port of successive governments, this 
institution has grown, at first slowly, 
but since the laboratories in Ottawa 
were opened in 1982, expansion has 
been rapid. Until war broke out, the 
stress was naturally on problems con- 
cerned with peace-time activities but 
today the reverse is true, and the ac- 
tivities of a staff doubled in number, 
are devoted almost exclusively to 
problems having a war bearing. 


In Canada there has developed an 
association between the National Re- 
search Council and the services of the 
Department of National Defence 
which it is generally conceded is most 
effective in our war effort. There is 
an intimate contact between the tech- 
nical staff of the Council and the 
scientifically-trained officers of the 
three services (and there are many 
highly trained scientists in uniform), 
and the National Research Labora- 
tories are functioning as scientific re- 
search stations for all of the services. 

The Department of National De- 
fence and the Department of Muni- 
tions and Supply use the Research 
Council much as the large industries 
use their affiliated research and engi- 
neering institutions. The quality of 
army supplies are today carefully 
guarded by the departments concern- 
ed; changes in specifications, substi- 
tutes or new developments are re- 
ferred to scientific experts and labora- 
tories and scientific tests have now 
more weight than personal opinion. 

There is a growing amount of re- 
search and development work going 
on in the fields of aeronautics, 
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physics, chemistry and electrical engi- 
neering and with the active steps be- 
ing taken for the direct defense of 
our own shores, the demands for 
more and more scientific research and 
development work in Canada will in- 
crease. That Canadian institutions 
can and will meet such demands, is 
admitted by all; that the integration 


BS 
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of the efforts of the pure and applied 
scientist, the military and civilian 
technologist, the engineer and the 
manufacturer is making for the most 
effective contribution in Canada, 
there can be no doubt; that scientific 
research in wartime has become an 
engineering problem no one can ques- 
tion—The Engineering Journal. 
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The Electrical Industries of 
Canada and the War Effort 


By John R. Read, President, Canadian Westinghouse 
Company, Limited, Hamilton, Ont. 


N speaking to his people, His 
Majesty, the King, used the 
now-familiar words: “This time, 
we’re all in the front line.” 

“The great task of this day,” said 
President Roosevelt in a recent ad- 
dress, “the deep duty which rests 
upon us, is to move products from the 
assembly lines of our factories to the 
battle lines of democracy—NOW. The 
light of democracy must be kept burn- 
ing.” 

In the struggle to keep alight the 
torch of democracy, eventually to 
make it shine stronger and brighter 
than ever before, the electrical indus- 
tries of Canada,—power, apparatus, 
and communications—are playing a 
vital role. 

At the time of Julius Caesar, the 
money cost of war death, the cost per 
soldier killed, is estimated to have 
been about fifty dollars. At the time 


Address radio broadcast by the Canadian Broad- 
casting Corporation on April 3rd, 1941 


of the Battle of Waterloo, this cost 
had climbed ‘to about five thousand 
dollars. In this war, the cost per sol- 
dier killed has been estimated at 
about two hundred thousand dollars. 

That demonstrates the real meaning 
of the phrase to which we’ve become 
so accustomed in recent months, that 
this is a mechanized war. 

In hundreds of Canadian factories, 
the tools of victory are now being 
forged at an ever-increasing pace. But 
behind every phase of the war effort 
you will find some aspect of the giant 
Canadian electrical industry. 

The Canadian worker has more 
electrical energy at his elbow than 
anybody else in the world, with the 
exception of the Norwegian. Each 
Canadian has almost six times more 
electrical power than the American 
to help him do his work. 

Over 80 per cent of the power used 
for all purposes in Canada is electric 
power. Canada has been wonderfully 
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blessed with water power resources. 
-To-day the electrical plants of the Do- 
minion can produce over nine million 
horsepower. That is more than five 
times the amount of electric power 
available for Canadian industry in 
the first Great War. 

Most uses of electric power are 
very familiar, but here are just a few 
examples of what that vast and in- 
creasing supply of low-cost electrical 
power means to Canada’s war effort. 

Enormous supplies of power and 
power equipment are required in the 
manufacture of explosives. Because 
Canada has the power available, this 
country is now investing one hundred 
and six million dollars in creating 
great chemical and munitions plants 
in various parts of the country. These 
will be a sure and, above all, a safe 
source of supply for the cause of 
democracy everywhere. 

Aluminum is a key war metal. It 
is required in the manufacture of air- 
planes, and in a hundred other places 
in the machinery of war. 

To make aluminum, very large 
amounts of electricity are required. 
Hitler’s successes on the continent of 
Europe closed off Britain’s major 
source of aluminum. Most of her 
supplies formerly came from Norway 
because Norway had great supplies of 
electric power. For the present time 
at least, Britain can get no more from 
that source. In recent months, Brit- 
ish housewives have been cheerfully 
turning in their pots and pans to help 
meet Britain’s urgent need. 

But in order to provide Britain 
with adequate supplies of aluminum, 
to make absolutely sure that she’ll 
never want for a single pound of the 
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white metal, a big new aluminum 
plant is now being constructed in 
Canada. 

Canada is doing this job because 
this country has a great supply of 
convenient electric power. This new 
plant represents an investment of 
about fifty million dollars. When 
completed, it will produce enough 
aluminum a year for the construction 
of around fifty thousand military 
airplanes. 

In order to get the plant into op- 
eration as swiftly as possible, some 
parts of the Canadian electrical ap- 
paratus industry worked twenty-four 
hours a day to produce electrical con- 
version equipment—machinery that 
had never before been made in this 
country. This will be an installation 
of seven hundred thousand _horse- 
power. 

That is just one example of how a 
big and efficient industry, doing a 
peacetime job, also serves the war 
effort. 

It is much the same story with re- 
spect to all those other metals, vital 
in war, key factors in making Can- 
ada’s contribution to victory great: 
gold, copper, nickel, lead and zinc. Al- 
most one-tenth of all the electrical 
power used in Canada is employed by 
the mining industry. Ample power 
supplies have made it possible for the 
mines to increase their production to 
meet war needs. Electricity and elec- 
trical equipment are involved in al- 
most every phase of mining and 
metallurgy. 

But the generation of electrical 
energy is just one part of the elec- 
trical industry’s war effort. Power 
has to be harnessed, brought to bear, 
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plants and Canadian workers turn 
out some of the largest generators 
and water turbines made anywhere in 
the world,—giants of 500 tons—ma- 
chines that harness rivers and subdue 
them. 

Every shell, every gun, every tank, 
every airplane, every single piece of 
war equipment also involves the elec- 
trical industry. For beside every 
machine tool, and remember there are 
tens of thousands of separate opera- 
tions, there must be an electric motor, 
large or small. And beyond the motor, 
there must be wires and transform- 
ers, Switches and generators. 

To meet the swift and compelling 
demands for more and more equip- 
ment, new power resources are now 
being harnessed, more power’s being 
produced and large supplies of addi- 
tional electrical equipment are needed 
to convert this power into the tools 
of victory. 

But war ADDS to the service which 
the electrical industry can perform. 
Because of its highly skilled workers, 
because of its wide diversity of ma- 
chine tools and equipment, the elec- 
trical industry has been assigned 
many direct war tasks. 

The most notable special undertak- 
ing by the Canadian electrical -appar- 
atus companies is the manufacture of 
anti-aircraft guns for armies and 
navies, great big guns with barrels 
over fifteen feet long. Until a few 
months ago, Canadian industry knew 
hardly anything about making modern 
artillery. Today, several Canadian 
firms are into production and doing a 
very efficient job. 

The electrical plants are also mak- 


equipment. I must not give you de- 
tails of these things now, but I know 
that when the war is over, and the 
story can be told, you will be sur- 
prised—and I think I may say proud 
—that these extraordinary and very 
important devices were being turned 
out in our own country by our own 
workmen to help in the Battle of 
Britain. 

One of the very striking differences 
in equipment between this war and the 
last relates to communications. The 
course of this war, and every war in 
history, clearly reveals the importance 
of a constant flow of information be- 
tween headquarters and the fighting 
units. Since the first Great War, the 
whole new world of radio has emerg- 
ed, and radio equipment makes pos- 
sible the constant co-ordination of 
military action. 

Radio is also a vital link in the na- 
tional life as a medium for the ex- 
change of information and ideas, for 
binding the country together in com- 
mon understanding, sentiment and 
aims. 

There’s another device which we 
hope will prove very efficient in driv- 
ing back, and in shooting down Nazi 
night raiders thereby saving thou- 
sands of civilian lives. Military 
officials in Britain have said that this 
device promises to LICK night bomb- 
ing. The Canadian electrical indus- 
try is now engaged in manufacturing 
this remarkable instrument. 

Electrical scientists have also devel- 
oped the device that guards ships 
against mines and submarines, and 
which has rendered useless the mag- 
netic mines that Mr. Hitler concocted, 
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hoping that this new instrument of 
destruction would make possible the 
sinking of the British fleet and inva- 
sion of the British Isles. 

The electrical industries have al- 
ways done a great deal of research. 
The development of the new and the 
better has been the keynote of their 
existence and growth. This activity’s 
been intensified by the war. Already 
scientists of the industry have moved 
far in the fields of television, fac- 
simile, electron optics and in the fields 
of extremely high frequencies. 
Achievements in these fields so far in- 
dicate that in the future more amaz- 
ing things will be developed and 
brought into common use than in the 
past. Developments in this field are 
now being rushed because of the im- 
portant, and probably decisive, con- 
tribution they will make to defense 
and to victory. 


Cable and telephone communica- 
tions, another branch of the electrical 
industry, have their vital role, too. 
‘They have done a splendid job in 
meeting the tremendous demand for 
additional telephones and telegraph 
facilities resulting from all this war 
activity. 

And there is that other branch of 
communication, the street railway 
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thousands of Canadian workers drive 
their own cars to work, the street 
ears of Canada carry over six hun- 
dred million Canadians a year. 

More than sixty thousand Cana- 
dians are engaged in some part of the 
whole electrical industry. Their 
wages and salaries amount to over one 
hundred and ten million dollars a 
year. 

The electrical industry of Canada 
well realizes the task which war im- 
poses, the duty which it owes to de- 
mocracy, to Canada, and to the ideals 
of its founders—men like Edison, 
Westinghouse, Alexander Graham 
Bell, Marconi and others. 

Not only must the electrical indus- 
try continue to supply essential peace- 
time needs. It must also, as a war 
volunteer, produce important weapons 
of war in vast quantity and with 
speed. 

Our industry has always employed 
large staffs of highly trained engi- 
neers and scientists, and we have lent 
many of these to the government, the 
army, the navy and the airforce for 
work that must be done. 

Ladies and gentlemen, we are doing 
our best to be good soldiers, to be 
among the shock troops of the indus- 
trial front. 


systems, providing low-cost trans- “The light of democracy must be 
portation for Canadians. And while kept burning.” 
“GK? 
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How Progress is Made in 
Engineering 


HERE may be said to be two 
kinds of engineering, that 
which is essentially creative, 
and that which is practiced 

in pursuit of known methods. 

Of these two types of engineering, 
the latter is much the most common, 
and through its systematic pursuit, 
great productions may be and are ac- 
complished. There are many well- 
educated and trained men who can be 
depended upon to work with accuracy 
and fidelity, and good organization 
can direct their efforts to workable 
and dependable results. 

The tendency of humanity is to be 
satisfied with what it has, and most 
engineering is looked upon as good or 
even wonderful. But in reality, most 
of it is in many respects bad and 
vastly cheaper, and better methods 
lay just around the corner when it 
was being designed. 

Great successes may be accomplish- 
ed by systematic and well-organized 
adhesion to the stereotyped method, 
but in the long run engineering enter- 
prise cannot be successful unless it is 
progressive. To be really successful, 
we must sometimes lead, not always 
follow. 

This thought leads us to consider 
what progress is. Our politicians, 
amply backed by votes, seem generally 
to be of the opinion that to be pro- 
gressive is to make all human activity 
dependent upon collective thinking 
and planning rather than upon what 
has for centuries been the aim of 


people who considered themselves pro- 
gressives and liberals, namely, that 
the maximum possible scope and in- 
dependence should be won away from 
governments and politicians and given 
to individuals. 

This apparent conflict of ideas has 
a very definite relation to the practice 
of engineering. All collective activ- 
ities to be effective must be governed 
by discipline. The writer was train- 
ed to discipline, knows how to be sub- 
ordinate, and knows its necessity in 
Many organized activities, but, 
through experience in engineering in- 
dustry, he believes that the less dis- 
cipline has to be applied, the better 
and more progressive will be the 
results. 

Real thinking cannot be done by 
groups of people; it can be done only 
by individuals. Much of the work of 
the world can be done by rule without 
much thought, but constructive engi- 
neering requires thought, not only in 
generalization, but, if success is ex- 
pected, in every minute detail. Engi- 
neering is to a very large extent de- 
pendent upon detail, and, unfortun- 
ately, it is only a very small propor- 
tion of humanity who, by training or 
by temperament, can have the interest 
in detail which is essential to pro- 
gressive engineering. Most people 
are interested in people, not in things. 

While much knowledge which has 
never been really used can be found 
in books, little that is there is good 
enough or complete enough to be a 
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sure guide to the creative engineer. 
- He must be certain of the detail or 
else he will constantly waste time and 
money through half knowledge or 
misconceptions of such knowledge as 
has .been recorded. 

There is only one sure way to get 
at the exact knowledge needed for 
new surroundings, namely, experi- 
mentation. 

There are many accomplished ex- 
perts and specialists in engineering 
and in science who have never been 
experimenters, but it is safe to say 
that almost every man who has en- 
riched the world by applying new 
knowledge to productive purposes has 
been an experimenter. 

Even great scientists whose minds 
are stored with accurate knowledge of 
the records must generally be experi- 
menters if they would make their 
knowledge available for safe indus- 
trial use. Making knowledge _ so 
available is engineering. 

When Langmuir, with his wide 
knowledge of scientific laws, wrote a 
formula for a gas-filled lamp, it is 
safe to say that that formula, while 
based on sound theory, was amply 
supported by experimentation. 


The moral of all this is that 1f we 
would be really progressive, we must 
arrange to give great scope to indi- 
viduals and must work through them 
and not through dependence upon or- 
ganization. 

For these reasons, the part of good 
leadership in engineering is to force 
responsibility upon individuals as 
long as they show ability to success- 
fully bear it, but to trust no one to 
an extent which may endanger or de- 
lay the general result sought. 

The all-important word to the engi- 
neer is WHY and it is astonishing 
how few people in the ordinary pur- 
suits of human affairs ever think it 
worth while to trouble themselves 
about that question, or to make much 
effort to find out whether the answers 
suggested will bear analysis. 


The good engineer must know the 


‘reason why, and will strive day and 


night to continue to experiment until 
he gets some adequate answer. To 


always do so is the best advice which 
can be given to an engineer.—Extract 
from the book THE AUTOBIOG- 
RAPHY OF AN ENGINEER, by W. 
L. R. Emmet in General Electric Re- 
view. ‘ 


‘APRIL, 1941 
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Canadians and the War 


By Dr. Thomas H. Hogg, Chairman and Chief Engineer, 
The Hydro-Electric Power Commission of Ontario 


S we sit here in this comfort- 


able room, we cannot forget 

that our ability to do this in 

freedom, our ability to go 
and come as we wish and, within rea- 
son, to do and say what we wish, rests 
today upon the fact that in her island 
fortress British airmen have been able 
to hold their own, and on the seven 
seas the British navy is still effective 
master. 

When Mr. Churchill said, “Never in 
the field of human conflict was so 
much owed by so many to so few”, he 
was referring particularly to the Royal 
Air Force and its magnificent defence 
of Great Britain. But this tribute of 
the British Prime Minister has also 
been well earned by those engineers 
and scientists, both of the fighting ser- 
vices and in civil engineering estab- 


lishments, who, frequently against 


Address delivered by Dr. Hogg as President of 
the E.I.C. on the occasion of the joint banquet at 
Calgary, celebrating the signing of a co-operative 
agreement between the Association of Professional 
Engineers and the Engineering Institute of Canada, 
on December 14th, 1940. 
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active opposition, or at best under an 
apathetic asquiescence, have, during 
the past twenty years or more, laboured, 
so that in the day of trial Britain’s 
sword was still able to function effec- 
tively. For many years past conscien- 
tious engineers and scientists, aided by 
the more far-sighted staff of officers 
of the naval and military forces of 
Britain, have been quietly but effec- 
tively developing machines and equip- 
ment that individually have proved 
themselves superior to those of our 
enemy. | 

In my brief talk today it is, there- 
fore, inevitable I should discuss Can- 
ada’s war effort and the place and 
function of Canadian engineers in this 
—the most important business of the 
nation today. 


CANADA’S RESOURCES 


First I would suggest that we must 
neither overrate nor underrate Canada’s 
ability to make an important contri- 
bution to the Empire’s war effort. 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discussion 
of “Hydro” matters and to maintain 
the co-operative spirit between muni- 
cipalities, as well as between muni- 
cipalities and the Commission. Articles 
of interest are invited for publication. 


Although a nation of only 114% mil- 
lion people, Canada’s capacity to help 
is greatly in excess of that which might 
be surmised from the relative size of 
its population. It is probably at least 
twice as great as that of an equal 
European population, provided corres- 
ponding efforts and sacrifices are made. 
This is due mainly to two things: first 
—Canada’s immense natural resources; 
and second—the up-to-date character 
of its equipment for making the most 


effective and speedy use of these 
resources. 
The fundamental measure of a 


nation’s status as a scientific and indus- 
trial state is the degree to which mech- 
anical power has been substituted for 
One of the most 
important items of Canada’s modern 


human _ labour. 


equipment is the ample supplies of 
low-cost hydro-electric power available 
in all provinces. This is evident from 
the statistical record showing the power 
used per capita in Canada which, in 
some measure, is a gauge of the nation’s 
industrial capacity. In 1914 the 
hydraulic turbine horsepower installed 
in Canada was less than 2 million 
horsepower. By 1918 this had risen 
to 21% million horsepower; by 1940 
8% million horsepower was installed, 
and of this nearly 734 million horse- 
power was utilized in central electric 
station industry. 


There is now available in Canada 
more than 4 times the amount of 
electric power that was available in 
1918 at the end of the last war. 

Much of the increase in power utili- 
zation has been devoted to the produc- 
tion of the raw materials of industry, 
and many of these are of great stra- 
tegic importance to war demands. This 
increased production is_ particularly 
noticeable in non-ferrous metals. Since 
1914 copper production has risen from 
76 to 607 million pounds per year— 
a 9-fold increase. Zinc production 
was quite small in 1914, but it is now 
nearly 400 million pounds—a 60-fold 
Canada the _ third 
largest world producer. Nickel pro- 
duction has risen from 47 to 227 mil- 
lion pounds—a 5-fold increase. All 


increase—making 


these metals are of great significance 
in munitions production. 


Canada has no known commercial 
deposits of aluminum ore, bauxite, but 
its water powers situated near _ tide- 
water have been put to good use in 
developing, from ore imported from 
British sources, a large aluminum in- 
dustry. Since 1914, the production of 


VOL. XXVIII, No. 5 


THE BULLETIN 


1539) 


HUH THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO ‘III/IV 


aluminum in Canada has 
immensely—and today, Canada’s entire 
production of this vital war metal is 
under contract to the British Govern- 
ment. 

There is no need to continue a cata- 
logue of advances in mineral produc- 
tion. Other war minerals being pro- 
duced in useful quantities in Canada 
include lead, now 10 times the average 
output of the 1915-18 war years—as 
well as platinum, cobalt, molybdenum, 
asbestos, and mica. 

Canada has made great strides indus- 
trially since the last war. In 1914 
Canada was only just beginning to 
feel its strength in industrial and manu- 
facturing facilities. It was still largely 
an agricultural country. At the out- 
break of the present war the total 
capital value of industrial plant was 
approaching 4% billion dollars, about 
3 times the total capital value in 1914. 
We have not only trebled our manu- 
facturing facilities since the last war 
but we have immensely improved their 
productive efficiency. If it is true, as 
Prime Minister Churchill stated, that 
under modern war conditions “the 
front line runs through the factories”, 
Canada is in an immensely better posi- 
tion than it was in 1914 to lend effec- 
tive front-line aid to the Empire cause. 

The increase in our total population, 
amounting to about 40 per cent since 
1914, conveys no adequate impression 
There 1s, 
however, one very important feature of 
this great industrial growth which must 
be recognized, and that is that this 


of our industrial growth. 


rapidly-developed and up-to-date pro- 
ductive capacity was devoted almost 
exclusively to the purposes of peace- 
ful growth. In 1914 the situation was 


MAY, 1941 


increased 


similar but on a smaller scale, yet we 
were able to divert our material and 
mechanical resources into the channels 
of war production in an effective way. 
With the necessary determination the 
same effort can be and is being made 
today. 

But we must be sure that our energies 
are not dissipated by an enthusiastic 
extension in certain lines of endeavour 
which would be out of balance with 
our ability to produce the more essen- 
tial war needs. There are certain 
handicaps or bottlenecks in Canada’s 
industrial set-up. for producing muni- 
tions and war supplies which must be 
eradicated. One of the most serious 
is the deficiency of our machine tool 
industry—upon which, of course, pro- 
duction in all manufacturing plants is 
dependent. It is a relatively simple 
matter to construct a large number of 
army huts, but the production of pre- 
cision machine tools, jigs and gauges is 
avery different matter... This handi- 
cap is now being rapidly overcome and 
fortunately we have been able to call 
upon the great machine tool industry 
of the United States, whose help has 
been a wartime asset of great impor- 
tance. 


PERSONNEL PROBLEM 

Another impediment to the accelera- 
tion of our industrial war effort may 
be the difficulty of securing skilled per- 
sonnel for the new armament plants 
and for the enlarged operations of 
existing industrial plants now being 
adapted to munitions manufacture. 

The personnel these 
plants may be considered as consisting 
of three groups: first, the profession- 


required in 


ally-trained engineers and administra- 
tors; second, the highly skilled draughts- 
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men, and the artisans who belong defin- 
itely to trade groups, such as_ tool- 
makers, fitters, pattern makers, carpen- 
ters, etc.; and third, the semi-skilled 
and unskilled workers. Although short- 
ages may develop in all of these groups, 
it is only in the second group that an 
acute shortage is regarded as a proba- 
bility. 

This whole problem, however, is one 
which I believe The Engineering Insti- 
tute of Canada and the Professional 
Engineering Associations will help to 
solve. 

The possibility of this problem devel- 
oping was recognized even before war 
was declared and the Canadian engin- 
eering organizations, at the request of 
the Department of National Defence, 
made a notable contribution by gath- 
ering together the academic and _ pro- 
fessional records of approximately 10,- 
000 engineers and _technically-trained 
men. This voluntary census, com- 
pletely indexed and filed, is now of 
considerable help in locating technical 
men competent to fill deficiencies in 
the first group, and also to some extent 
in the second group. The Engineer- 
ing Institute of Canada, with its wide 
knowledge of the profession, is taking 
a prominent part in this valuable ser- 
vice, by finding the right type of en- 
gineer when asked by the various 
government departments and_ those 
firms carrying out special war contracts. 

With regard to the third group of 
semi-skilled and unskilled workers, it 
is not anticipated that there will be 
any serious difficulty. In this class of 
semi-skilled workers are included those 
who have had some industrial experi- 
ence, for example in operating auto- 
matic machinery or in working on an 


assembly line. As is well known to 
industrial administrators, this type of 
semi-skilled labour can be recruited in 
large numbers from the more intelli- 
gent workers who have had no pre- 


vious industrial experience. 


There remains the problem of the 
highly skilled workers. How shall the 
shortage of these be made up? ‘There 
are several ways in which this prob- 
lem may be tackled. First there must 
be the willing co-operation of the union 
organizations of the skilled workers. 
With their co-operation industrial 
management will be able to organize 
their working forces so as to employ 
the maximum of partly-skilled labour 
under the minimum of fully-skilled 
supervision. Even under normal indus- 
trial employment, great numbers of 
workers who might otherwise be largely 
ineffective, can and do become valu- 
able and productive under competent 
supervision. 


In many of the more delicate opera- 
tions involved in manufacturing small 
mechanical equipment and instruments, 
Canadian women can and probably will 
play an important and valuable part, 
as indeed they did in the last war. 
The ranks of the skilled workers may 
further be augmented by the best of 


the students training at the technical 


and vocational schools and by the re- 
employment of men who have had 
industrial training but have abandoned 
it for other employment. No time 
should be lost in encouraging efforts 
to make the best use of these sources 


of skilled helpers. 


RESEARCH WorK 


Since the last war, an important 
contribution to the growth and _ pro- 
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gress of this Dominion as a scientific 
and industrial state has been made by 
research workers. Fortunately Canada 
has been farsighted in supporting this 
fundamental aid to industrial progress. 
Until war broke out the problems 
which engaged the National Research 
Council were naturally more concerned 
with peacetime problems, but today 
the activities of a staff, doubled in 
number, are devoted almost exclusively 
to war problems. 


One recalls with pride the effective 
aid rendered to Britain by a small 
group of Canadian specialists during 
the last war. In those days such 
research as was carried out in Canada 
was largely in the realm of pure science. 
Scientific research specifically directed 
toward the improvement of industrial 
processes was hardly recognized. Today, 
scientific research dealing with indus- 
trial production is acknowledged as a 
contribution of fundamental impor- 
tance. 

It is gratifying that there is the 
closest co-operation between Govern- 
ment war departments, such as the 
Department of National Defence and 
the Department of Munitions and 
Supply, and the various organizations 
carrying on research work. Many 
experienced engineers are officers in 
one or other of the three fighting ser- 
vices and it is natural that they should 
seek the aid of the various research 
bodies in solving the problems that 
confront them in carrying out their 
military duties. 


ADEQUATE POWER RESOURCES 
AVAILABLE 


< 


I have already referred to the tre- 
mendous growth of developed power 
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taken place in 
Some con- 


resources that has 
Canada since the last war. 
cern has been expressed as to whether 
the power available would be sufficient 
to service our war activities. Speaking 
for Ontario—and I believe the same 
may be said for most, if not all, of 


the other provinces—I have previously 


expressed the conviction that for the 
immediate future there was sufficient 
power available in all districts to enable 
Ontario’s war effort to be speeded up 
and maintained at this higher level. 
Since this opinion was expressed war 
production has increased; war indus- 
tries have been getting into their stride 
and greatly increased demands for 
power have so far been met without 
undue difficulty. 


One must remember, however, that 
an increased demand for power for 
war industries 1s inevitably accompanied 
by an increased tempo in nearly all 
activities, and this produces an in- 
creased demand for power all along 
the line, including domestic and com- 
mercial demands. Furthermore—dif- 
ferentiating between power and energy 
—increased demand for power is 
associated with an even greater growth 
in the use of energy. 


It remains true, therefore, as I have 
pointed out before, that Canada can- 
not play the full part that is being 
assigned to her, and that she is willingly 
accepting, unless there can be made 
available large additional quantities of 
power. One of the chief factors that 
must be recognized in providing large 
additional quantities of electrical power 
derived from water-power develop- 
ments is that we cannot wait until the 
demand materializes, we must plan and 
move well in advance. 


142 


LHe BOUEEETIN 


HUME THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO _IIIIIIINIIIIITIIU HHI 


Now there has never been a time 
when future needs for power have been 
more difficult to estimate. 
ably possible maximum and minimum 


The reason- 


demands never seemed so far apart. 
It is in a veritable maze of uncertain- 
ties and indeterminates, therefore, that 
weighty decisions respecting the pro- 
vision of new developments have and 
are being made. 

Since we cannot hope to hit the 
mark squarely we must be guided to 
some extent by the relative seriousness 
of the consequences of under- or over- 
supply. 
is undesirable from a financial view- 


Over-supply, as we well know, 


point, but, speaking generally, the elec- 
tric supply industry is in a strong finan- 
cial position. Under-supply, as we 
know equally well, is a different story. 
It, too, would have an effect, in profit 
and loss, directly upon industry, but 
this fact by comparison with other 
facts, would be relatively insignificant. 
The real cost of under-supply would, 
in this wartime, be measured in terms 
of those things in life that we hold 
most dear—the avoidable losses of 
human life and the weakening of our 
war effort with all the consequences 
this might entail. .The electric supply 
industry of Canada must, and I believe 
is, preparing itself to meet the demands 
that may be made upon it, no matter 


what they may be. 


ONTARIO PREPARES 

In Ontario we have been making 
provisions for the growth that, to the 
best of our interpretation of the trends, 
may be anticipated. Even before the 
war started we had planned, and have 
since carried out, a general strength- 
ening of our transmission and distri- 
bution networks which enables us to 


transfer power with greater facility 
from one part of the province to 
another; we also constructed one addi- 
tional power development. At the 
present time we have under construc- 
tion two others. 

We have also been able, in co-opera- 
tion with the Dominion authorities, to 
arrange for the use of a greater diver- 
sion of water at Niagara by undertak- 
ing to make permanent diversions to 
the Great Lakes of a substantial flow 
of water from certain rivers in North- 
ern Ontario. As these diversions, known 
as the Ogoki River and Long Lake 
diversions, may be of interest to the 
engineers of Western Canada, perhaps 
you will permit me to explain briefly 
the circumstances and physical facts 
relating to them. 


DiveRSIONS OF WATER TO GREAT 
LAKES 

First may I say that the value of | 
these diversions at the present time 
rests directly upon the co-operation 
extended by the United States. The 
friendly co-operation of the United 
States has resulted in an understanding 
(confirmed by formal interchange of 
notes between the Canadian Minister 
to the United States and the United 
States Secretary of State) whereby 
Canada is enabled to utilize 
diately, for increasing power output at 


imme- 


Niagara for war purposes, an additional 
flow of water equivalent to that which 
will be added to the Great Lakes when 
the diversion works are completed. 
The abstraction or diversion of water 
from a watershed is frequently under- 
taken for domestic supplies to large 
cities, sometimes for sanitary purposes 
for sewage dilution, for irrigation, and 
frequently, during recent years, for 


VOL. XXVIII. Nos S 


THE BULLETIN 


143 


(TU THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO JIU 


power development. But because diver- 
sions may, or may not, be beneficial, 
they should not be undertaken without 
the most thorough investigation. Basic- 
ally the justification for a diversion or 
abstraction lies in the ability to secure 
thereby a greater benefit to a greater 
number. 


These diversions will work no injury 
to any future industries or settlements 
which might later be established in 
the watershed of the Albany river, as 
there is ample power at other sites in 
the vicinity of the Ogoki area. 


Turning to the province of Quebec, 
there have been large additions recently 
made to generating equipment at the 
Beauharnois power development on the 
St. Lawrence river near Montreal and 
at the new La Tuque plant of the St. 
Maurice Power Corporation, both of 
which will be immediately absorbed 
in Quebec’s new war industries. 


St. LAWRENCE RIVER IMPROVEMENT 


While considering the power re- 
sources of Ontario and Quebec it is 
appropriate just to refer to the St. 
Lawrence river. The improvement of 
this great river for navigation and for 
power development is a subject that 
is again prominent in the public 
thought of the people of Eastern 
Canada. It is undoubtedly an enter- 
prise that will profoundly influence the 
growth and progress, not only of 
Ontario and Quebec but of the whole 
of Canada. As a project it is now 
linked up with the joint steps being 
taken by the United States and Canada 
for the defence of the Americas. Time 
will not permit any discussion of the 
proposed further development of this 
great waterway so bound up with 
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Canadian and United States history. 
It is evident, however, that changing 
world conditions must profoundly 
modify many of the views previously 


held respecting this great undertaking. 


REGULATION BY DOMINION POWER 
CONTROLLER 


While we do not anticipate that the 
necessity will arise in acute form as it 
did in the last war, nevertheless there 
are certain economies in consumption 
that can be effected by the imposition 
of restrictions on the less essential uses 
of electricity. Great care, however, 
must be exercised in determining when 
and how to impose such restrictions. 
It is quite possible to secure a saving 
in electricity at the cost of imposing 
other burdens which would diminish 
rather than 
effort. These matters are, of course, 
receiving the careful attention of the 


increase our total war 


Dominion Power Controller, in co-oper- 
with the 
authorities. 


ation various provincial 


One ruling by the Dominion Power 
Controller has already effected a sub- 
stantial saving in power demand— 
namely the extension of daylight saving 
time in Ontario and Quebec in those 
communities which adopted it during 
the summer. This regulation has unfor- 
tunately resulted in some confusion in 
the mind of the general public. 


Since the introduction of daylight 
saving time in Ontario and Quebec 
there have been various suggestions 
made in the press that electric power 
could be conserved by cutting off street 
and highway lighting, and _ electric 
signs, and some people have gone to 
the length of trying to conserve elec- 
tricity in their homes. Such efforts, 
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while being commendable because they 
are sincere, are not very helpful. You 
do not, for instance, reduce generating 
station peak loads by switching off 
night lighting, or by darkening homes 
and streets, unless you happen to 
switch off lights when your generating 
stations are operating at their maximum 
capacity—which is usually late in the 
afternoon when all factories are in full 
production. 

When you are operating with stored 
water, or with coal, you would of course 
save energy. But I would recommend 
that everybody should continue to use 
electricity as fully as needed until they 
receive advice from the Dominion 
Power Controller, or their local electric 
utility, otherwise they may interfere 
with their own war effort. 

Engineers will understand that the 
effect of introducing a staggered form 
of Daylight Saving Time (as has been 
done in Ontario and Quebec) creates 
a better diversity in the time of peak 
demands from various classes of con- 
sumers. 


CONCLUSION 


My brief review of Canada’s war 
effort has, I hope, indicated to some 
extent the important part that must 
inevitably be played by Canadian en- 
gineers. 

There is, I believe, one consideration 
that may be an encouraging thought 
to us all. In the last war it was, I 
think, generally conceded that in 
scientific and technical matters, at least 
as applied to military efforts, Germany 
had stolen a march on Britain. But 
today, notwithstanding the temporary 
superiority enjoyed by Germany in 


numbers and masses of military 


weapons and supplies, it may be stated 
with some assurance that in scientific 
and technical matters the British Em- 
pire is superior to Germany. This is 
to be expected because the highest 
achievement in these things is in part 
a matter of the spirit, and can only be 
attained where the utmost freedom of 
thought and action are permitted. 
While dictatorships may have some 
advantages over democracies in the 
regimentation of a nation for control- 
ling its political and economical life, 
the same control cannot successfully 
be applied to its scientific develop- 
ment. 


In addition to its natural resources 
and its up-to-date equipment for their 
utilization, Canada enjoys for the time 
being a freedom from direct enemy 
action against her territory. This is 
both an advantage and a danger. It 
leaves us free to devote, without let or 
hindrance, our energies to our assigned 
task of training personnel for the great 
air armada in the making, and to 
develop our raw materials and manu- 
facture and assemble them for ship- 
ment. The danger lies in the possibility 
that we may become complacent and 
fail to mobilize every ounce of our 
strength. 


Relatively speaking, Canada has as 
much to lose, should the Empire fail 
to achieve victory, as even Britain her- 
self. Just before the war Germany 
had many accredited agents travelling 
through Canada making an inventory 
Asked what they were 
agents replied, “In your natural re- 
sources’. Canada, therefore, has a 
very definite and important part in the 
struggle. We must develop and use 
our natural resources to the utmost to 


of our assets. 


VOL. XXVIII, No. & 


THE BULLETIN 


145 


HT THE HYyDRO-ELECTRIC POWER COMMISSION OF ONTARIO  MIIIIUIUIIUIIIAITUIIEIA 


prevent the cnemy from taking them 
from us. 

Great things are expected of us. It 
is our part to be an efficient machine 
shop, a storehouse on which our Em- 
pire may call and, not least, a source 
of inspiration and help to the hard- 
pressed people of Britain. 

As Canadians we may take pride 
in the fact that those to whom the 
call has come have been found both 
anxious and capable to render effective 
service. We cannot all apply our 
specialized knowledge and experience, 
as Captain Robert Davies is doing, to 
the removal of time bombs from cathe- 


drals. Neither will many of us be 


called upon to make the outstanding 
contribution to Canada’s war effort that 
the engineering and military qualifi- 
cations of Major General McNaughton, 
now Lieutenant-General, enable him to 
make. But in less promufent capacities 
we can each employ our native talents, 
our experience and whatever special- 
ized knowledge we may possess to the 
solution of the problems with which we 
have to deal—to the end that, by the 
efficient mobilization of the great re- 
sources of this Dominion, a continuous 
stream of munitions and supplies of 
all kinds may be directed through un- 
impeded channels to their appointed 
destination. 


Gocssenii 


‘The Second Mile 


By Dr. William E. Wickenden, President, Case School of Applied 
Science, Cleveland, Ohio, U.S.A. 


HOSOEVER #shall com- 
pel thee to go one mile— 
go with him twain.” I 
am not sure that I should 
dare to choose this counsel of perfection 
from the Sermon on the Mount as a 
text for a talk to engineers south of 
the border, such is the present state 
of our biblical illiteracy. The pro- 
fessor of a past generation who with- 
ered a classroom disturbance at Yale 
by urbanely remarking “Young gentle- 
men, I beg you to restrain yourselves 


until I cast one more pearl,” would be - 


met to-day by uncomprehending stares. 
Some one has said that the trouble 
with us in the States is that we have 
lost three pasts; first we lost the classi- 
cal past, next we lost the biblical past, 


From Address delivered at the Annual Banquet 
of The Engineering Institute of Canada, Hamilton, 
Ont., February 7th, 1941. 
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and now we are losing the historical 
past. 
are much more deeply rooted in piety 
and sound learning, you will catch the 
meaning of my text. Every calling has 
its mile of compulsion, its daily round 
of tasks and duties, its standard of 
honest craftsmanship, its code of man- 
to-man relations, which one must cover 
if he is to survive. Beyond that lies 
the mile of voluntary effort, where 
men strive for excellence, give unre- 
quited service to the common good, 
and seek to invest their work with a 
wide and enduring significance. It is 
only in this second mile that a calling 
may attain to the dignity and the dis- 


In Canada where, I believe, you 


tinction of a profession. 

A preacher who was once reproached 
for straying rather widely from his 
text replied “A text is like a gate, it 
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has two uses; you can either swing on 
it, or you can open it and pass 
through.” Let us pass on through. 
There is a school of thought that seems 
to hold that all of the problems of the 
engineering profession may be solved 
by giving it a legal status. If only we 
compel all who would bear the name of 
engineer to go the mile of examination 
and licensure, we shall have protec- 
tion, prestige and emoluments to our 
hearts’ desire. They forget, perhaps, 
that there are many useful callings 
which have traversed this mile without 
finding the higher professional dignities 
end. We license embalmers, 
and cosmetolo- 


at its 
chiropodists, barbers 
gists, but we do it for the protection 
of the public, and not to erect them 
into castes of special dignity and privi- 
lege. 

There is an illusion abroad that any 
calling may win recognition as a pro- 
fession by the mere willing it so and 
by serving notice to that effect on the 
rest of the world. It helps a lot, too, 
if you can invent an esoteric-sounding 
mame derived from the Greek. One 
reads, for example, of a group of bar- 
bers who elect to be known as “‘chiro- 
tonsors” in order to raise the prestige 
The truth seems 
to be that as soon as any word acquires 


of their “profession.” 


a eulogistic character, we promptly pro- 
ceed to destroy it by indiscriminate 
usage. When one scientist observed 
what the advertising fraternity has done 
to the word research, he remarked 
dryly that we now use that word to 
mean so many things we shall soon 
have to invent another word to mean 
research. ‘The ambition to dignify 
honourable work is laudable, but there 


is much seizing after the form and 


letting the substance escape which 
would be ludicrous, if it were not 


pathetic. 


A prominent English churchman 
once remarked facetiously that there 
were three sorts of Anglicans—the low 
and lazy, the broad and hazy, and the 
high and crazy. It seems to be much 
the same among engineers in our think- 
We have 
a low church party which holds that 


status and titles are of little conse- 


ing about our profession. 


quence; so long as the public allows 
us to claim them not much else mat- 
ters if the engineer does an_ honest 
day’s work. The broad church party 
is all for inclusiveness; if business men 
and industrialists wish to call them- 
selves engineers, let us take them in and 
do them good, not forgetting the more 
expensive grades of membership. The 
high church party is all out for exclu- 
sive definitions and a strictly regulated 
legal status; in their eyes, what makes 
a man a “professional” engineer is not 
his learning, his skill, his ideals, his 
public leadership—it is his license cer- 
tificate. 

In view of these divided counsels, it 
may not be amiss to consider briefly 
what a profession is, how it came to 
be, why it exists, how its status and 
privileges are maintained and what 
obligations it entails; and finally to 
discuss a few of our current issues in 
the light of these backgrounds. 


Of professions there are many kinds; 
open professions like music, to which 
any man may aspire within the bounds 
of his talents, and closed professions 
like medicine which may be entered 
only through a legally prescribed pro- 
cess; individual professions like paint- 
ing and group professions like law, 
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whose members constitute ‘“‘the bar,” 
a special class in society; private pro- 
fessions like authorship and public pro- 
fessions like journalism; artistic pro- 
fessions like sculpture and_ technical 
professions like surgery; ameliorative 
professions like the ministry and social 
work and professions which achieve 
their ends by systematic destruction 
like the army and navy. Despite all 
these differences of pattern, there are 
characteristic threads which run like 
a common warp beneath the varying 
woof of every type of professional life 
and endeavour. 


If one seeks definitions from various 
authorities, he finds three character- 
istic viewpoints. One authority will 
hold that it is all an attitude of mind, 
that any man in any honourable calling 
can make his work professional through 
an altruistic motive. A second may 
hold that what matters is a certain 
kind of work, the individual practice 
of some science or art on an elevated 
intellectual plane which has come to 
be regarded conventionally as profes- 
sional. A third may say that it is a 
special order in society, a group of 
persons set apart and specially charged 
with a distinctive social function invol- 
ving a confidential relation between 
an agent and a client, as the bar, the 
bench and the clergy. Another source 
of confusion arises from the fact that 
some define a profession solely in terms 
of ideals professed, others solely in 
terms of practices observed, and still 
others in terms of police powers exer- 
cised. All authorities recognize that 
some of the distinguishing attributes of 
a profession pertain to individuals, 
while others pertain to groups, but 
there is considerable variation in the 
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emphasis given. Let us glance briefly 
at these two sorts of distinguishing 


attributes. 


What marks off the life of an indi- 
vidual as professional? First, I think 
we may say that it is a type of activity 
which is marked by high individual 
responsibility and which deals with 
problems on a distinctly intellectual 
plane. 
motive of service, as distinct from pro- 
fit. Third, is the motive of self-expres- 
ston, which implies a joy and _ pride 


Second, we may say that it is a 


in one’s work and a self-imposed stan- 
dard of workmanship—one’s best. And 
fourth, is a conscious recognition of 
social duty to be accomplished, among 
other means, by guarding the standards 
and ideals of one’s profession and 
advancing it in public understanding 
and esteem, by sharing advances in 
professional knowledge and by render- 
ing gratuitous public service, in addi- 
tion to that for ordinary compensa- 
tion, as a return to society for special 
advantages of education and status. 


Next, what are the attributes of a 
group of persons which mark off their 
corporate life as professional in char- 
acter? JI think we may place first 
a body of knowledge (science) and of 
art (skill), held as a common posses- 
sion and to be extended by united 
effort. Next we may place an educa- 
tional process of distinctive aims and 
standards, in ordering which the pro- 
fessional group has a recognized respon- 
sibility. Third in order is a standard 
of qualification, based on character, 
training and competency, for admis- 
sion to the professional group. Next 
follows a standard of conduct based 
on courtesy, honour and ethics, to guide 
the practitioner in his relations with 
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clients, and the _ public. 
Fifth, I should place a more or less 
formal recognition of status by one’s 
colleagues or by the state, as a basis 
of good standing. And finally an 
organization of the professional group 


colleagues 


based on common interest and social 
duty, rather than economic monopoly. 


The traditional professions of law, 
medicine, and divinity had a common 
fountain head in the priestcraft of an- 
tiquity. What is professional in en- 
‘gineering and in certain other modern 
callings can be traced back only so 
far as the mediaeval merchant and 
craft guilds. ‘These arose in the period 
when feudal society was breaking down 
and the beginnings of the modern com- 
mercial and industrial era were appear- 
ing. In this period of disintegration 
and remaking of the social order, before 
cities had grown strong and central 
governments powerful, police powers 
had not been largely developed or pro- 
tective services created by the state. 
Men who wished to engage in far-flung 
commerce or in trade on any exten- 
sive scale found it necessary to organ- 
ize for mutual protection, and this in 
turn led to monopolistic control. In 
the various crafts it was the guilds 
which regulated by ordinance the hours 
of labour, the observance of holidays, 
the length and character of apprentice- 
ship and the quality of workmanship; 
and it was the guild which tested the 
progress of novices, apprentices and 
journeymen and finally admitted them 
to the ranks of the masters. When the 
cities and the states waxed powerful, 
they usually confirmed the monopolies 
which the guilds had gathered to them- 
selves and even incorporated them into 
the structure of the municipality, as in 


the City and Guilds of London. The 
church too lent its blessing, since the 
religious philosophy of the middle ages 
regarded society as a commonwealth 
divided into divinely ordained func- 
tions, and not as a mere aggregation 
of individuals—an idea which recent 
Papal encyclicals have sought to reani- 
mate under the name of a corporative 
society. In the spirit of the times, the 
guilds required members to contribute 
periodically to a common fund for the 
relief of distress, to participate in cer- 
tain religious observances and to honour 
certain festivities and pageants. 


Many of these features are perpet- 
uated in the modern professional body. 
The public grants it more or less tan- 
gible monopolies and _ self-governing 
privileges, in consideration of which it 
engages to admit to its ranks only men 


- who have proved their competency, to 


scrutinize the quality of their work, to 
insist on the observance of ethical rela- 
tions, and to protect the public against 
extortion and bungling. The occasion 
which calls for professional service is 
often a human emergency in which 
the legal doctrine of caveat emptor— 
let the buyer beware—breaks down. 
When a baby is about to be born or 
an appendix must be removed, you 
want some guarantee that the job is in 
competent hands. The layman often 
finds professional knowledge and _ skill 
a little too esoteric for his judgment. 
If you have a problem of mental hy- 
giene in your family you want some 
guarantee that you are dealing with a 
qualified psychiatrist and not with a 
quack. The public wisely puts the 
burden of guaranteeing at least mini- 
mum standards of competency on the 


profession itself. It may implement 
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this obligation through public examina- 
tions and licensure, or it may entrust 
it to a system of certification within 
the profession itself, but in the end it 
comes down to the same thing—a pro- 
fession must guarantee to the public 
the competency of its practitioners. In 
return, the public protects the profes- 
sion from the incompetent judgment 
of the layman by a privileged status 
before the law. 

Through all professional relations 
there runs a three-fold thread of 
accountability—to clients, to colleagues, 
and to the public. Is business a pro- 
fession or can it be made so? We 
sometimes hear it referred to as the 
oldest of trades and the newest of pro- 
fessions. It seems clear that business 
is moving away from the dog-eat-dog 
area to one nearer the fringe of pro- 
fessional life. This occurs when the 
direct management passes from the 
hands of proprietors to a distinct admin- 
istrative caste with little immediate 
stake in the profits of trade. Business 
may still be far from a true profession, 
but management is well within the 
pale. Business has lived traditionally 
from balance-sheet to balance-sheet; 
the time-span of its thinking has often 
been about three months; the profit- 
and-loss statement has been its only 
yard-stick. Professional managers, if 
assured of reasonable security of tenure, 
are better able to think and plan in 
terms of long-range prosperity and to 
act as responsible middlemen between 
investors, workers, customers and the 
public. At one time I worked for the 
Bell ‘Telephone System, of which no 
individual owns as much as one per 
cent. It is the best example of mana- 
ger-operated, as distinct from owner- 
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operated, business that I know of and 
the one that comes nearest to fulfilling 
professional standards. 


The ethical obligations of a profes- 
sion are usually embodied in codes and 
enforced by police powers. The phy- 
sician and lawyer are bound by explicit 
obligations and woe betide the man 
who oversteps them. As engineers, our 
codes are more intangible, as our duties 
are less definable. 
obligations of a profession are so largely 
matters of attitude that codes alone do 
not suffice to sustain them. Equal im- 
portance attaches to the state of mind 
known as professional spirit which 
results from associating together men 
of superior type and from their com- 
mon adherence to an ideal which puts 
service above gain, excellence above 
quantity, self-expression above pecun- 
iary incentives and loyalty above indi- 
vidual advantage. No professional man 
can evade the duty to contribute to 
the advancement of his group. His 
skill he rightly holds as a_ personal 
possession, and when he imparts it to 
another he rightly expects a due reward 
in money or service. His knowledge, 
however, is to be regarded as part of a 
common fund built up over the gener- 
ations, an inheritance which he freely 
shares and to which he is obligated to 
add; hence the duty to publish the 
fruits of research and to share the 
advances in professional practice. If 
the individual lacks the ability to make 
such contributions personally, the least 
he can do to pay his debt is to join 
with others in creating common agen- 
cies to increase, disseminate and pre- 
serve professional knowledge and to 
contribute regularly to their support. 


The climax of man’s effort to sub- 


In any case, the 
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due nature, shift labour from muscles 
to machines, to make material abun- 
dance available for all, and to abolish 
poverty and disease, may well fall in 
After that human 
interest may shift from work to leisure, 


the next fifty years. 

from industry to art. Meanwhile en- 
gineers will multiply, research will ex- 
pand, and industry will grow more 
scientific. Engineers will find their 
way into every field where science 
needs to be practically applied, cost 
counted, returns predicted and work 
organized systematically. They will be 
called upon to share the control of 
disease with physicians, the control of 
finance with bankers, the bearing of 
risks with underwriters, the organizing 
of distribution with merchants and pur- 
chasing agents, the supplying of food 
with packers and purveyors, the rais- 


ing of food with farmers and the oper- 
ation of the home with housewives. In 
few of these new fields, if any, will 
engineers be self-sufficient; to be use- 
ful they must be team-workers; and 
they must be prepared to deal with 
“men and their ways,” no less than 
“things and their forces.” 

The engineering profession will exer- 
cise a far greater influence in civic and 
national affairs. It will probably never 
be able to define its boundaries pre- 
cisely, nor become exclusively a legal 
caste, nor fix a uniform code of edu- 
cational qualifications. Its leaders will 
higher rewards and _ wider 
acclaim. The rank and file will prob- 


receive 


ably multiply more rapidly than the 
elite, and rise in the economic scale 
to only a moderate degree—The En- 
gineering Journal. 


Large Electrical Systems 


ATA on the output and loads 
of the largest generating and 
distributing systems on the 
North American continent, 

for the years 1937 to 1940, are given 
in the May 3, 1941, edition of Electrical 
World. The report includes all public 
utility, lighting, power and electric rail- 
the United States, 
Canada and Mexico having output in 
excess of 100,000,000 kw-hr. during 
1940. There are 186 systems listed of 
which 155 are public utilities in the 
United States, 17 in Canada and one 
in Mexico, and 13 electric railways in 
the United States. 

The systems are listed under each 


way systems in 


country or classification in the order 
of kilowatt-hours reported for 1940. 


Disregarding the grouping used in the 
report, The Hydro-Electric - Power 
Commission is reported as having the 
greatest output, viz. 9,804,992,000 kw- 
hr. Second in that order is the Nia- 
gara Hudson System with 8,783,159,- 
000 kw-hr. Following these are the 
Commonwealth Edison Company and 
with 8,120,844,000, the 
Consolidated Edison Company of New 
York, Inc. with 7,541,519,000 and the 
Pacific Gas and Electric Company with 
6,058,274,000 kw-hr. Sixth in_ this 
order is the Shawinigan Water and 


subsidiaries 


Power Company and subsidiaries with 
5,899,605,000 kw-hr. Taking the out- 
put year by year the amounts reported 
for The Hydro-Electric Power Com- 


mission of Ontario are,— 
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1937 — 7,842,343,000 kw-hr. 
1938 — 7,670,559,000 ” 
1939 — 8,673,283,000 ” 
1940 — 9,804,992,000 ” 


In 1937 the Commission was in second 
place, the Niagara Hudson System being 
first, with 8,056,607,000 kw-hr. The 
slight falling off indicated in 1938 was 
more pronounced with the other sys- 
tems in that year with the result that 
the Commission advanced to first place 
which it still holds. 

Taken in the order of system peak 
loads, The Hydro-Electric Power Com- 
mission is in second place, having 
1,621,772 kw. Consolidated Edison 
Company of New York, Inc. is first 
with 1,704,000 kw. Consolidated Edi- 
son Company and _ subsidiaries with 
1,612,000 kw. is third and the Niagara 
Hudson System with 1,491,400 kw., 
fourth. These amounts include pur- 
chased energy. On the basis of the 
peak loads generated, the Commission 
is in fourth place with 1,065,224 kw. 
being exceeded by the Consolidated 
Edison Company of New York, Inc. 
with 1,702,000 kw., the Commonwealth 


Edison Company and subsidiaries with 
1,601,000 kw. and the Niagara Hudson 
System with 1,328,700 kw. 

Under the column headed generator 
nameplate rating, The Hydro-Electric 
Power Commission is shown as fourth 
largest with 1,377,690 kw., the largest 
being the Consolidated Edison Com- 
pany of New York, Inc. with 2,527,- 
300 kw., the next the Commonwealth | 
Edison Company and subsidiaries with 
2,099,000 kw., and the third the Niagara 
Hudson System having 1,656,664 kw. 

As a matter of historical interest the 
report refers back to statistics that had 
That 
report gave data on 37 companies, 36 
of which were in the United States 
and accounted for 13,000,000,000 kw- 
hr. out of a total for the country of 
18,400,000,000 kw-hr. From this and 
data given in the foregoing the output 
of the Commission in 1940 was over 
53 per cent of the total output in the 
United States in 1915. The peaks of 


been given for the year 1915. 


the entire United States in 1915 aggre- 
gated 2,713,600 kw. or 67 per cent 
greater than the Commission’s peak for 


1940. 
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New Concrete Specifications 


NE of the most important 

structural materials used in 

construction is concrete and 

the Commission uses many 
thousands of cubic yards annually. 
Through its Research Committee, it 
has for years been a leader in Canada 
and the United States in the field of 
concreting, especially in the control of 
the quality of concrete in its structures. 
Some time ago a revision was made 
of its specification for small jobs, 
designated as “Instructions for Con- 
crete on Jobs of Less Than 500 Cubic 
Yards’*. This is now supplemented 
by a general specification designed for 
the control of concrete on the Com- 
mission’s larger hydraulic structures 
although it is applicable to concrete 
work generally. It is reproduced here 
with the thought that it might be use- 
ful to many of the readers of The 
Bulletin. 


In general, the specification follows 
conventional lines and is similar to 
that of the Canadian Engineering Stan- 
dards Association, and others. It em- 
bodies many of the recommendations 
of the recent Joint Committee Report 
on Concrete and Reinforced Concrete 
and the modern practices followed on 
recent hydraulic projects in the U.S. 
But in spite of this general agreement 
with current practice, the specification 
is primarily designed for the Commis- 
sion’s own work with special attention 
being given to the problems that are 
peculiar to the operations of the Com- 
mission. 


As an example, the storage of 


*Published in The Bulletin, April 1939. 


materials is covered in considerable 
detail. Lack of the usual transporta- 
tion facilities in Northern Ontario fre- 
quently requires that construction ma- 
terials be hauled over roads only usable 
in the winter and under these condi- 
tions, cement, a perishable material, 
may have to be stored for months 
before use. Moisture-proof protection 
is necessary during both the period of 
shipment and the time of storage and 
special containers are required. On 
the Ogoki Diversion special moisture- 
resistant sacks with asphalt-impregnated 
liners are being used where covered 
storage is to be provided, and metal 
drums of four-sack capacity where the ~ 
cement is to be stored in the open. In 
connection with the storage of aggre- 
gates, special precautions are required 
to avoid segregation and contamination 
in the stockpiles and consideration is 
given to proper drainage. 

The application of the specification 
to hydraulic work is shown by the 
requirement for a higher percentage 
of fines in sand than it is usual to 
require when structural concrete is 
being manufactured. Experience has 
shown that sands deficient in fines do 
not produce as durable and watertight 
concrete as those of better grading. 
As a result the minimum percentage 
of sand finer than the number 50 
sieve is set at 12 per cent, a figure that 
is being approached in the latest US. 
specifications for this type of work. 
Another feature of the control exer- 
cised over grading is to guard against 
an excessive amount of any one size 
by limiting the percentage between two 
successive sieves. 
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The specification includes sodium 
sulphate tests for soundness of coarse 
ageregate. This test is not generally 
considered by experts an absolute cri- 
terion for the soundness of aggregates 
but rather as a warning that aggre- 
gates that will not meet it should be 
viewed with suspicion until proved to 
be suitable. However, in the terri- 
tories in which the Commission oper- 
ates it has been found that it is easily 
possible to obtain economically, aggre- 
gates that meet this test and it has 
been made a part of the specification 
to provide a simple and definite means 
of eliminating questionable material. 


The use of emulsified asphalt of the 
proper grade for providing a water- 
tight seal at joints has been standard 
practice for a considerable time and its 
continued use is warranted by the gen- 
erally satisfactory results that have been 
experienced. In use it is applied to a 
surface immediately after 
stripping the forms and concrete should 
be placed against it after a surface film 
has formed but before the asphalt has 
completely hardened. It is to be noted 
that a V-joint is now required at 
exposed corners to prevent pinching 
and spalling of the edges by expansion. 


concrete 


For exposed concrete a minimum 
strength of 3,000 lb. per sq. in. is re- 
quired since it has been found that 
this is the lowest strength that is in 
keeping with the desired degree of 
durability. Accuracy of batch propor- 
tions on all jobs over 1,200 cubic: yards 
is obtained by weighing all ingredients. 
On smaller jobs where similar accuracy 
is not provided additional cement is 
used to maintain an adequate factor 
of safety. In all events the specifica- 
tion stresses the need for the greatest 
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possible accuracy in keeping with the 
importance of a project. 

Since watertightness is of prime im- 
portance in dam and powerhouse struc- 
tures, emphasis is given to the preven- 
tion of leakage at foundations, and 
horizontal construction joints are 
avoided wherever possible. Proper pre- 
paration of foundation surfaces is re- 
quired before placing is started and 
further aid in providing a good bond 
is obtained by brooming a layer of 
grout into the surface when a lift is 
being started. It is forbidden to place 
concrete in a flooded excavation except 
by tremie. The Commission’s general 
policy, aimed at the elimination of 
construction joints, is to place the con- 
crete in monoliths, that is, to pour 
each construction block in one con- 
tinuous operation, a method which con- 
trasts with the general U.S. method of 
shallow lifts. Continuous placing is 
considered no more costly than inter- 
mittent placing and has the decided 
advantage of eliminating construction 
joints which are a source of frequent 
trouble. 

The specification provides for the 
use of ready-mixed in place of the 
usual plant-mixed concrete when it can 
be used to advantage. It also deals 
with the manufacture of mortar for 
“dry pack” grouting. This mortar is used 
in setting machinery and on other jobs 
where minimum shrinkage is desirable. 

In cold weather operations the water, 
and aggregates if the weather is cold 
enough, is to be heated to a degree 
which depends upon the severity of 
the temperature. 
placing temperatures that may increase 
the cracking tendency are forbidden. 
Protection from freezing is required 


Excessively high 


154 


during the curing period, with special 
attention being paid to the curing of 
surfaces exposed to the weather. It is 
customary to regulate the protection 
to the expected severity of the weather 
and to treat different parts of a struc- 
ture in accordance with their functions. 
For instance corners and edges, the 
parts most subject to freezing and to 
disintegration in service, require the 
heaviest insulation or the most careful 
provisions for supplying heat if con- 
carried on within an 
enclosure. Surfaces of spillways and 
the edges of piers are given the most 
careful protection and for a much 
longer time than are those surfaces 
that are to be later covered or other- 
wise protected when the structure has 
been completed. Sloping and_hori- 
zontal surfaces are protected more care- 
fully and are cured more thoroughly 
than surfaces whose 
exposure is not so great. In other 
words, an attempt is always made to 
strike a balance between protection and 


struction 1s 


are vertical 


exposure. 


In handling and placing concrete 
the most usual practice of the Commis- 
sion is to pump the material, but other 
methods may be used provided that 
they are capable of satisfactory results. 
All practices that may cause segrega- 
tion are to be avoided, one of the 
restrictions being that the material shall 
Col- 
lection of excess water at the faces is 
avoided by placing concrete at the 
edges slightly in advance of depositing 
in the interior of the blocks. Vibrators 
are now considered a necessity on all 


be deposited in horizontal layers. 


jobs of importance, especially where 
stiffer mixes or difficult placing condi- 


tions are involved. 
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Curing of the concrete, often an 
afterthought with construction men, is 
recognized as a necessity in this speci- 
fication. The advantages of proper 
curing are often not appreciated, but 
its value may be indicated by the fact 
that a ten-day moist curing period is 
often capable of increasing compressive 
strength by as much as 50 or 70 per 
cent of that of uncured concrete of the 
same composition. 


Provision is made for inspection and 
testing by establishing adequate field 
laboratories on all jobs of importance. 
Each section of a structure must be 
represented by test specimens which 
provide a tangible record of the con- 
crete placed, a practice which has an 
important effect on the quality. 

For surfaces exposed to the weather 
it 1s customary to use a wood float 
rather than a steel trowel for finishing 
since experience has shown this method 
to provide a more durable surface. 
Where appearance is of prime impor- 
tance rubbing with a carborundum 
brick may be required. 


The Commission has long been a 
pioneer in certain phases of concrete 
practice, the justification for which is 
provided by the success achieved and 
by the tendency of other organizations 
to adopt its methods. In keeping with 
this position is such a specification as 
the one under discussion, since it is 
one whose terms are sufficiently com- 
prehensive that they can be applied to 
all structures of importance, whether 
constructed under contract or by Com- 
mission forces. In thus presenting a 
definite statement of policy, it is con- 
fidently expected that the specification 


will aid considerably in maintaining 
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desired uniformity and quality in the 
Commission’s structures. 
E * * * * 

Space does not permit our publishing 
the whole specification in one issue. It 


is therefore divided into two parts, this 
number including the preparation of 
the concrete and that to follow in the 


next number, the placing and curing. 
—Editor. 


The Hydro-Electric Power Commission 
of Ontario 


SPECIFICATIONS FOR CONCRETE 


No. 410527 


i] AUTHORITY 


The word “Engineer” shall mean 
the Chief Engineer of the Hydro-Elec- 
tric Power Commission of Ontario, 
acting either directly or through the 
architect, or through his properly auth- 
orized representatives and inspectors. 

Wherever it is stated that material 
or work is to be “approved”, “similar”, 
msatisiactory..,.. proper’. equal’... or 
“the equivalent”, it shall mean that the 
materials or work must be satisfactory 
to the Engineer before it will be 
accepted by the Commission. 

Unless otherwise specified herein, all 
tests on cencrete, Portland cement, and 
ageregate, called for by this Specifi- 
cation, shall be carried out by the En- 
gineer at the Commission’s expense, in 
accordance with the methods specified 
in Standard Specification No. A23-1929 
for Concrete and Reinforced Concrete 
of the Canadian Engineering Standards 
Association, hereinafter referred to as 
the “C.E.S.A. Specification”. Copies 
of Engineer’s test reports will be sup- 
plied to Contractor for his information. 

2. PoRTLAND CEMENT : 
(a) Quality 

Cements shall conform to the Stan- 

dard Specification No. A5-1940 on 
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_to ensure dryness. 


Portland Cement, and No. A57-1940 on 
High-Early-Strength Portland Cement 
of the Canadian Engineering Standards 
Association. 
(b) Sampling and Testing 

The contractor shall notify the En- 
gineer immediately of all purchases of 
cement for the work, and the Engineer 
shall arrange for the sampling and 
testing of each. The cost of sampling 
and testing will be paid for by the 
Commission. 
(c) Acceptance 

No shipment of cement shall be used 
on any part of the work until it has 
been approved by the Engineer. 
Cement will not be accepted for use 
on the results of the soundness, fine- 
ness and setting tests alone, but tensile 
strength tests shall be required. 
(d) Storage 

Cement shall be stored in a weather- 
tight building. The floor of the build- 
ing shall be raised above the ground 
and covered with a waterproof paper 
The cement shall 
be piled as compactly as possible and 
stored in such a manner as to permit 
easy access for proper inspection and 
identification of each shipment. 

Cement that will be in storage for 
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three months or longer shall be shipped 
in waterproof sacks similar to Type 
2706 supplied by the Bates Bag Com- 
pany. 
(e) Damaged Cement 

Cement damaged by weather shall 
not be used and all damaged cement 
from whatever cause shall be removed 
immediately from the work. 


3. AGGREGATE, GENERAL 


(a) Quality 

All concrete aggregate shall consist 
of natural sands and gravels, crushed 
rock, or other inert materials having 
clean, uncoated grains of strong and 
durable materials. 

All aggregate shall be free from 
alkali, organic matter, or other dele- 
terious substances, and shall not contain 
soft, friable, thin, flaky, elongated, or 
laminated particles totalling more than 
3 per cent or contain shale in excess 
of 1% per cent, or silt and crusher 
dust finer than the No. 100 sieve in 
excess “Ob le per cone. 


(b) Szeve Analyses 

The sieves and method of making 
sieve analysis shall conform to the 
“Methods for Sieve Analysis of Aggre- 
gates for Concrete” given in Appendix 
VII of the C.E.S.A. Specification. 
(c) Pit-Run Aggregates | 

Pit-run aggregates or plums. shall 
not be used. 
(d) Samples 

The Contractor shall notify the En- 
gineer of the source of each kind of 
aggregate that he proposes to use, not 
less than three weeks in advance of 
the concreting operations, and_ shall 
furnish the Engineer with samples of 
each. All samples shall be delivered in 


suitable containers plainly labelled as 
to when and where taken, and each 
sample shall contain at least 2 cubic 
feet of material. 

(e) Storage 

Aggregates shall be so stored on plat- 
forms or otherwise as to avoid the inclu- 
sion of foreign materials. Materials 
shall be so stored that one aggregate 
will not be mixed with the other when 
reclaiming. Foreign or mixed material 
will not be accepted. Before using, 
ice and lumps of frozen material shall 
be removed. 

The formation of conical stock piles 
of coarse aggregate by the deposition 
of materials in one place will not be 
permitted. Stock piles of coarse aggre- 
gates shall be built up in successive 
horizontal layers, of which each layer 
shall not be more than three feet in 
thickness. Each layer shall be com- 
pletely m= place before “the next vis 
started. Should the aggregate become 
segregated, it shall be remixed so as 
to conform to the grading requirements 
of the specifications. All aggregates 
produced or manipulated by hydraulic 
methods and all washed aggregates 
shall be handled in such a manner as 
to permit drainage for at least twelve 
(12) hours before use. 


Before concreting of any section is 
undertaken, there shall be sufficient 
aggregates on the job to complete that 
section. 


(f) Permissible Variations 


Aggregate that does not conform to 
the requirements for quality, grading, 
mortar strength or organic matter may 
be used only when approved by the 
Engineer and then in such proportions 
as he may require. 
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4. FINE AGGREGATE 
(a) Grading 
Fine aggregate shall be graded fine 
to coarse within the following limits: 
Per cent Passing (by weight) 


No. 4 sieve—Not less than 95 per 
cent. 

#50 ” Not more than 30; and 
not less than 12 per 
Cent, 

* 100 ” Not more than 35 per 
cent. 


Weight removed by 

decantation—Not more than 3 per 

cent. 

Not more than 75 per cent by weight 
of the fine aggregate shall lie between 
sieves No. 8 and 30, nor between sieves 
= New 6-and, 90: 

Normal moisture in natural sand 
varies from 31% to 5 per cent and any 
moisture in excess of 5 per cent by 
weight will not be paid for. When 
transportation on the sand is paid for 
by the Commission the charges on this 
excess water will be deducted from the 
cost of the sand. 

(b) Impurities 

Fine aggregate, when tested in 
accordance with the Method of Test 
for Organic Impurities in Sand for 
Concrete, Appendix X, of the C.E.S.A. 
Specification, shall show a colour not 
darker than the standard colour. 

(c) Mortar Strength 

Fine aggregates shall be of such a 
quality that mortar specimens consist- 
ing, by weight, of one part of Portland 
cement and three parts of fine aggre- 
gate, will, when tested at the ages of 
7 and 28 days, have a compressive 
strength of at least 90 per cent of that 
developed by similar specimens made 
from the same cement and_ using 
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Niagara bar sand of the same grading. 
The mortar specimens shall be cylinders 
2 inches in diameter and 4 inches in 
height. The tests shall be conducted 
for water-cement ratios of both 0.60 
and 0.70, by weight. 
(d) Decantation Test 

The decantation test shall be made 
in accordance with the “Method of 
Decantation Test for Sand and Other 
Fine Aggregates” given in Appendix 
VIII of the C.E.S.A. Specification. 

5. COARSE AGGREGATE 

(a) Grading 

Coarse aggregate, unless otherwise 
specified, shall range in size from fine 
to coarse within the following limits: 


Passing Per cent by Weight 
2 in. sieve —Not less than 95 
Eb ate tes —Between 40 and 75 
No. 4 sieve —Not more than 10 
Nosb2<2 —Not more than 5 


(b) Coarse Aggregate—Maximum Size 

Unless otherwise specified the rated 
maximum size of aggregate used shall 
be two inches. 

Where other than 2-inch maximum 
sizes are specified, the rated sizes of 
the aggregate shall fulfil the require- 
ments of the C.E.S.A. Specifications. 
(c) Soundness 

Coarse aggregate shall not be used 
except on the Approval of the Engineer, 
if, when subjected to the following test 
for soundness, it shows signs of crack- 
ing or disintegration. 

Twenty pieces of coarse aggregate 
between % inch and 1% inches in 
diameter, of a total weight of approxi- 
mately 2,000 grams, shall be immersed 
in a saturated solution of sodium sul- 
phate (Na,SO,), shall be maintained 
for twenty hours at a temperature of 
about 70 deg. cent., and shall then be 
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immediately removed to a drying oven, 
and kept there for four hours at a 
temperature of about 212 deg. fahr. 
This treatment shall be repeated five 
times. 
6. WATER 

Water for concrete shall be clean, 
and free from injurious amounts of oil, 
alkali, organic matter, or other dele- 
terious substance. Unless the water to 
be used is of a known satisfactory 
quality, a sample shall be submitted to 


the Engineer for approval prior to its 


use. 
7. ADMIXTURES 
No materials other than Portland 
Cement, aggregate, water, and rein- 
forcement shall be included in any 
concrete unless specifically authorized 
by the Engineer. 


8. EMULSIFIED ASPHALT 

Where emulsified asphalt is used as 
an expansion joint filler or water- 
proofing material, the asphalt shall be 
of a)" clay” type=and* subject to’ the 
approval of the Laboratory. It shall 
be applied as soon as possible to the 
concrete surface after stripping so that 
it may lose some of its moisture and 
solidify, sufficiently to prevent its 
removal by the water or concrete com- 
ing in contact with it. It is not desir- 
able that the asphalt become definitely 
hard before placing concrete against it. 
If it has become hard it shall be re- 
coated or “served” with a fresh coat 
of asphalt and the latter allowed to 
lose moisture until it becomes tacky 
before placing fresh concrete against it. 
The condition can be determined by 
touching the asphalt with the finger 
and observing if a surface skin has 
formed and will not be moved under 
pressure of the concrete. 


Emulsified asphalt shall not be used 
if it has been frozen and shall not be 
applied to a surface having a tempera- 
ture lower than 35 deg. fahr. nor 
allowed to freeze after application. It 
shall be at all times during transpor- 
tation, storage and use maintained at 
a temperature above 35 deg. fahr. The 
container being of metal, the asphalt 
in contact with it will be subject to 
freezing unless the container is kept 
in a temperature above freezing point. 


9. QUALITY OF CONCRETE 

(NOTE: Clauses (a) to (d) inclusive 

of Section 9 to be used where the 

contract is performed by a con- 

tractor. ) 
(a) Strength 

Concrete, unless otherwise specified, 
shall have a minimum compressive 
strength at 28 days of 3,000 lb. per 
Sq, in. 
(b) Quantity Limitations 

A. The cement and water content 
shall comply with the requirements 
given in the following table: 


Maximum 
Specified Minimum Water Con- 
Compressive | Cement Sacks | tent Imperial 
Strength Lb. | per Cu. Yd. | Gallons per 
per Sq. In. of Concrete | 87!/2-lb. Sack 
of Cement 
2000 5 6 
2500 5 514 
3000 6 45/, 


B. The quantity of fine aggregate 
used shall not be less than 40 per cent 
or more than 50 per cent by dry 
weight of the total aggregate. 


(c) Slump 


Unless otherwise directed by the En- 
gineer, concrete shall have a slump 
not greater than four inches. 
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(d) Minimum Cement 
Experience of the Commission in 

similar work has shown that concrete 
of the required quality can be made 
with the minimum quantity of cement 
specified above where the aggregates 
and methods used comply fully with 
these specifications, but the Commis- 
sion does not guarantee that more than 
this quantity may not be required: and 
will not be responsible for the cost of 
any additional cement over and above 
this minimum quantity, that has to be 
used to produce concrete of the quality 
specified. 

If desired, the Commission will co- 
operate with the contractor in every 
reasonable way in determining by test 
from samples of the cement and aggre- 
gates to be used, the proportions that 
will meet the specifications. 

The Commission shall not be re- 
quired to compensate the contractor 
in the event of the concrete strength 
being higher than specified. 

(NOTE: Clause (a-1) of Section 9 to 
be used when the Commission does 
its Own construction. ) 

(a-1) Strength 
The concrete, unless otherwise speci- 

fied, shall have a minimum compres- 

sive strength of 3,000 Ib. per sq. in. at 
the age of 28 days and the proportions 
shall be determined by the laboratory. 


10. MEASUREMENT OF MATERIALS 
(a) General 

When the volume of concrete to be 
placed in any work exceeds 1,200 cu. 
yd. all aggregates shall be measured 
by weight. Permission may be given 
by the Engineer, in writing only, for 
volume measurement where the total 
quantity of the work does not exceed 
1,200 cu..yd. of concrete. An addi- 
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tional 2 sack of cement per cubic yard 
shall be added to the 


amount specified where volume mea- 


of concrete 


surements are used for aggregate. 
(b) Cement 

Cement shall be measured by weight 
or by sack. One sack of cement weigh- 
ing 87! lb. gross shall be considered 
to contain one “cubic foot: Where 
weighed, the cement shall be batched 
on a scale separate from those used 
When sack 
measurement is employed no fractions 
of a sack other than one-half shall be 
used. 


for the other materials. 


(c) Aggregate 

Batch measurements shall be cor- 
rected to take into account the surface 
moisture contained in the aggregates. 

Where aggregates are measured by 
volume, they shall be measured loose 
as placed in the measuring device. 
The equipment used shall be quickly 
adjustable and shall be arranged to 
hold, when full and struck off, the 
specified quantity for a batch. The 
fine aggregate hopper shall permit a 
change in volume of at least 20 per 
cent, and the coarse aggregate hopper 
avachange. of at’ least .15:-per. “cent. 
Struck boxes, buggies, and wheelbar- 
rows may be used by permission of 
the Engineer. 
(d) Water 

Water shall be measured by weight 
or volume in one batch or be metered. 
The device for the measurement of 
the water shall be readily ajustable 
and under all operating conditions shall 
measure accurately to within one per 
cent. 
(e) Tolerances 

Weighing hoppers and scales shall 
conform to specifications and tolerances 


160 


7 fog Soe = 18 EY Sa 


HUUUUUUMMUTIMMIMUUML THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO MIIINININNIIUUIIUIIITOH 


set forth in Bulletin No. 15 of the 
American Road Builders Association, 
dated 1931, copies of which may be had 
on application. 

Hoppers in which aggregates are 
measured by volume shall be so built 
that a variation of % inch in striking 
off the hopper shall not cause an error 
in measurement of more than one per 
cent. 


11. PREPARATION AND INSPECTION 
OF ForMS 


Immediately before depositing con- 
crete, all forms shall be carefully in- 
spected to ensure that they are pro- 
perly placed, sufficiently rigid and tight, 
and thoroughly clean; all debris, saw- 
dust, frozen matter, etc., shall be re- 
moved from the space to be occupied 
by the concrete; the forms shall be 
thoroughly wetted (except in freezing 
weather) or oiled with non-staining 
mineral oil (except where plaster is 
to be applied directly on concrete) such 
oiling being done before reinforcing is 
placed. 

Water shall be removed from exca- 
vations before concrete is deposited. 
Any flow of water into the excavation 
shall be diverted through proper side 
drains to a sump or be removed by 
other approved methods that will avoid 
washing the freshly deposited concrete. 
Vent pipes and drains shall be filled 
by grouting or otherwise, after the con- 
crete has thoroughly hardened, unless 
otherwise required in writing by the 
Engineer. 


12. PREPARATION OF SET CONCRETE 
or Rock 

Before depositing new concrete on 

or against concrete that has set, the 

forms shall be re-tightened, the sur- 


face of the set concrete shall be rough- 
ened, as required by the Engineer, 
thoroughly cleaned of foreign matter 
and laitance, and saturated with water 
in advance of concreting. Where the 
concrete is placed on rock or other 


hardened concrete, dry cement or 
cement paste shall be broomed 
into the surface for bonding. 


New concrete placed in contact with 
rock, hardened or partially hardened 
concrete, shall contain an excess of 
mortar to ensure bond. This shall be 
obtained by first placing concrete of 
the quality specified for that work 
from which the coarse aggregate has 
been omitted. The quantity of this 
concrete and its method of distribution 
in the forms shall be determined by 
the Engineer. 


13. REINFORCING STEEL 


Before being placed in position all 
reinforcing steel shall be cleaned thor- 
oughly of loose mill and rust scale, 
grease, paint, or other coatings of any 
character that will destroy or reduce 
the bond. A reinforcing bar that 
shows a slight film of rust so as not 
to break the bond between the steel 
and the concrete supplies a better bond 
than a highly-polished surface, as the 
action of rust roughens the surface of 
the bar and actually results in greater 
bond strength. All splashed concrete 
that has dried on the reinforcing shall 
be removed. Reinforcements shall be 
thoroughly secured in position and 
approved by the Engineer. 


14. Mrxinc 
(a) Machine Mixing 
The mixing of the concrete shall be 
done in a batch mixer of the drum 
type approved by the Engineer. The 
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mixing equipment shall be capable of 
combining the aggregate, cement and 
water within the specified time into a 
thoroughly mixed and uniform mass, 
and of discharging the mixture without 
segregation. The entire contents of 
the drum shall be discharged before 
recharging. The mixer at intervals 
shall be cleaned of any hardened con- 
crete which may form on the inside 
of the drum. The mixer shall be of 
the 
maximum batch, and shall be in 
accordance with the Standards adopted 
by the Mixer Manufacturers’ Bureau 


adequate size to accommodate 


of the Associated General Contractors 
of America. The batch shall be so 
charged into the mixer that some water 
will enter in advance of cement and 
ageregate and all shall continue to 
flow in as rapidly as practicable. Loss 
of materials during charging will not 
be permitted. The mixer shall not be 
operated unless the water-measuring 
device is functioning properly, nor 
when leaking valves pass unmeasured 
water into the drum. Whenever a 
pick-up and throw-over blade in the 
drum has become worn so that its 
area is reduced by not more than 
twenty-five per cent, or by a lesser 
amount if, in the judgment of the 
Engineer, the wear is too great, it shall 
be replaced with new blades in accord- 
ance with the mixer manufacturer’s 
recommendations. 
(b) Time of Mixing and Revolutions 
For mixers of one cubic yard or less 
the mixing of each batch shall continue 
for not less than one and _ one-half 


minutes after all ingredients are in the 
drum. For mixers of a larger capacity 
this time shall be increased at the rate 
of 15 seconds or more for each addi- 
tional cubic yard. The mixer shall be 
rotated at a rate recommended by the 
manufacturer, but shall not make less 
than nine and one-half, nor more than 
twenty revolutions per minute. 
(c) Hand Mixing 

When hand mixing is authorized by 
the Engineer, 10 per cent extra cement 
that required for 
volume measurement shall be used. 
Hand mixing shall be carried out on 


over and above 


a water-tight platform and care shall 
be taken to ensure that the mixing is 
continued until the mass is uniform in 
colour and consistency. 
(d) Re-tempering 

The re-tempering of concrete or mor- 
tar which has partially hardened, that 
is, remixing with or without additional 
cement, aggregate or water, will not be 
permitted unless authorized by the En- 
gineer in specific instances. 
(e) Consistency 

The Engineer shall determine and 
specify the consistency of the concrete 
on the various portions of the work. 
At no time shall it be so dry that the 
concrete cannot be placed in the forms 
satisfactorily by methods available on 
the job; or, where reinforcement 1s 
being used, that it cannot be worked 
in around the reinforcement. Concrete 
mixtures that are so wet as to segre- 
gate in the hoppers, chutes, or forms 
will not be permitted. 

(To be continued.) 
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Sun-Spot Disturbances of Terrestrial 
Maégnetism 


By W. F. Davidson, Director of Research, Consolidated Edison 
Company of New York, Inc., New York, N.Y. 


LTHOUGH communication en- 
gineers have long recognized 
the existence of magnetic 


storms or disturbances in the © 


normal magnetic field of the earth, 
power engineers generally have not 
been aware of the fact that the storms 
could reach sufficient magnitude to 
cause operating disturbances in elec- 
tric-power systems. Consequently, when 
on March 24, 1940, a number of power 
systems in the United States 
Canada experienced operating difficul- 
ties coincident with the onset of a 


and 


magnetic storm, the subject received 
widespread comment. The present 
discussion is a brief summary of power- 
system experience with some notes on 
the general subject of magnetic storms 
and the theories that have been ad- 
vanced to. explain them. For the 
latter, the author is indebted to Doctor 
A. G. McNish of the department of 
terrestrial magnetism, Carnegie Insti- 
tution of Washington and particularly 
to the material he prepared for pres- 
entation before a recent meeting of 
the engineering committees of the Edi- 
son Electric Institute. The informa- 
tion on power systems was obtained 
chiefly through responses to letters sent 
out by the Edison Electric Institute. 
Valuable information on the effects of 
the storm on communication systems 
have been supplied by L. W. Ger- 
maine, long lines department, Ameri- 
can Telephone and Telegraph Com- 


pany. 


Power systems reporting disturbances 
are located in New England, New 
York, eastern Pennsylvania, southern 
and eastern parts of Minnesota, 
Ontario, and Quebec. On the ten 
systems on which disturbances were 
noted, the effects listed in the inverse 
order of the number of cases reported 
were: 


1. Voltage dips ranging up to ten per 
cent, but generally of short dura- 
tion (seven cases). 

2. Tripping transformer banks by dif- 
ferential relay operation (five cases 
involving 15 transformer banks). 

3. Large increases or swings in reactive 
kilovolt-amperes (four cases). 


In addition, we have three separate 
observations: 


1. Direct current was measured in a 
neutral grounding (one case). 

2. Distortion of the current wave in a 
neutral grounding connection was 
recorded by oscillograph (one case). 

3. A few blown transformer fuses on 
a 2,400/4,150-volt radial distribu- 


tion system (one case). 


No serious operating difficulties or 
interference with service were reported, 
possibly because it was Easter Sunday 
and loads were unusually light. 

The instances of transformer tripping 
are probably of first importance be- 
cause they present the largest potential 
possibility of interference with service. 
Examples are (eastern standard time 
throughout) : 
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Two 75,000-kv-a. transformer 
banks on the 220-kv. system of the 
Philadelphia Electric Company-Pub- 
lic Service Corporation of New Jer- 
sey-Pennsylvania Power and Light 
Company, eastern Pennsylvania and 
New Jersey, tripped out by differen- 
tial relay operation at 11.48 a.m. 
At about the same time, there were 
voltage swings of about 11% per cent 
and reactive power surges of about 
20per «cent: 

On the 220-kv. system of the Nia- 
gara District, Ontario Hydro-Electric 
Commission, four transformer banks 
were tripped out by differential relay 
operation at 11:48 a.m. 

On the 132-kv. Abitibi system of 
the Ontario Hydro-Electric Commis- 
sion, six transformer banks tripped 
out by differential relay operation 
at 11:48 a.m. 

The 40,000-kv-a. transformer bank 
connecting the 11-kv. and 110-kv. 
systems of the Narragansett Electric 
Company in Providence, R.I., were 
tripped out by differential relay oper- 
ation. Shortly after this, an ammeter 
was connected in the transformer 
neutral and a direct current of 25 
amperes was recorded. At the time 
of this observation, no operating 
difficulties were being experienced. 

Two transformer banks operating 
from the 110-kv. lines of the Central 
Maine Power Company at Bucksport 
were tripped out by differential relay 
operation at about 11:15 a.m. with 
accompanying voltage dips as large 
as eight per cent. 


Some mention already has been 
made of reactive power surges and vol- 
tage dips. Other cases where these 
phenomena were observed, but without 
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Causing equipment outage, include the 
following: 


On the system of the Northern 
States Power Company centering 
about Minneapolis, Minn., there was 
105,000 kw. of steam generating 
Capacity in service in stations in the 
Minneapolis area and another 10,- 
000 kw. at Minnesota Valley, roughly 
100 miles to the west. Two 10,000- 
kv-a. synchronous condensers were 
operating in the Minneapolis area 
and one 5,000-kv-a. synchronous con- 
denser at Mankato about 100 circuit 
miles to the southwest. Transmis- 
sion circuits involved were principally 
69 kv. with transformer banks gen- 
erally wye-delta with grounded neu- 
trals on the 69-kv. side. In addition 
there are a few autotransformers 
connecting to the 115-kv. system, 
these having delta-connected aux- 
iliary windings. With few excep- 
tions single transformers are used. 
The first disturbance in the nature 
of a surge as indicated by shift of 
load on the synchronous condensers 
was observed at about 10:45 am 
This was followed by numerous other 
surges at irregular intervals until 
1:45 p.m. There was a slight recur- 
rence of minor severity between 
LO<30taan, and 12-15'p.m:/The.most 
severe of the surges occurred at 
about 11:50 a.m. when the total 
build-up and decay period seemed to 
cover about four minutes. During 
that time the synchronous conden- 
sers which were operating on voltage 
regulators shifted load from maxi- 
mum buck to maximum boost and 
return. There was an accompanying 
drop in voltage of about ten per 
cent. Considerable surges in reactive 
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component on several of the circuits 
such as the Wissota-Oak Park 115- 
kv. line where a change of 10,000 
reactive kv-a. was recorded. ‘The 
graphic wattmeters showed no cor- 
responding indication of the distur- 
bances, and there were no circuit 
breaker operations. At Sparta, Minn., 
approximately 150 miles to the south- 
east of Minneapolis, the 69-kv. line- 
regulation transformer operated to 
the extreme position in each direction 
and a lightning arrester discharge 
was noted. 


On the Newburyport-Haverhill 22- 
kv. double-circuit line of the Eastern 
Massachusetts Electric Company, the 
current was in the order of eight 
amperes, or about the charging. cur- 
rent of the line, until late in the 
morning when the disturbances be- 
gan. At that time swings to as 
high as 60 amperes or somewhat 
more than normal full-load current, 
were observed. Individual swings 
had a duration of a minute or less 
but recurred at frequent intervals 
over -aeperiod vofysome, 10. or 15 
minutes. There was considerable 
accompanying voltage drop. 

On the Consolidated Edison 60- 
cycle system in New York, N.Y., a 
series of voltage disturbances took 
place beginning about 11:48 a.m. 
The first dip, which varied from 
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The voltage dips were of lower mag- 
nitude than those often caused by 
high-voltage feeder faults and did 
not have any serious effect on opera- 
tion of customers’ equipment or on 
the operation of the system. An 
analysis of available data indicates 
that on the 60-cycle system, the 
increase in reactive load was in the 
order of 45,500 reactive kv-a. 


On the 110-kv. system of the Nia- 
gara Hudson Power Corporation, 
there were numerous operations of 
an automatic oscillograph installed 
at Lockport, N.Y. A study of some 
of the records show that the neutral 
current has the characteristic wave 
form obtained with transformer oper- 
ating with direct current superim- 
posed on the alternating-current 
excitation, but since the oscillograph 
was operated through a _ current 
transformer, there was no_ direct 
observation of direct current. 


The Boston Edison Company 
reported a considerable number of 
blown transformer fuses on_ its 
2,400/4,150-volt radial distribution 
system. All were on transformers at 
the ends of feeders at points where 
the neutral was continued past open 
tie switches to feeders in adjacent 
areas. 


For the purpose of explaining what 


happened in the power systems, I shall 


I i if 
1/2 per cent to 10 per cent in dif refer chiefly to the New York system, 


ferent parts of the system, was fol- 3 _ : 
P y : for which an extensive analysis has 


° f bs omen 
lowed by a series of minor dips been made. It was noted that: 


continuing at short intervals for a 
period of about one hour. The 25- !. There had been voltage dips of 
cycle system voltage was not affected short duration and_ considerable 
nor was there any appreciable change magnitude. 
in system frequency or change in 


load in any part of either system. 


2. There had been increases in reactive 
kilovolt-amperes coincident with the 
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voltage dips and proportionate to 
them. 


3. There had been no appreciable 
change in the power components, 
that is, in kilowatt load. 


These phenomena were, at least 
qualitatively, what would be expected 
if direct currents flowed in the wind- 
ings of transformers so as to cause 
saturation and lead to increased a.c. 
magnetizing currents. 

H. B. Seeley of Consolidated Edison 
Company, has made a number of cal- 
culations in which he has used test 
data showing the effect of superimposed 
direct currents on transformer charac- 
teristics and has made the assumption 
of an earth-potential gradient of 10 
volts per mile. He also used in his 
calculations the known electrical char- 
acteristics of typical feeders on the 
radial distribution system. The result 
is a calculated increase of 26.4 reactive 
megavolt-amperes compared with an 
observed 25—-a convincing argument 
as to the validity of explanation. 

With this analysis in mind, we can 
explore some of the other cases, for 
example, the interconnected 69-115- 
kv. system of the Northern States 
Power Company. The test data pre- 
viously mentioned would lead one to 
expect that each ampere of direct cur- 
rent in the 69-kv. windings of single- 
phase transformers would cause 75 
reactive kv-a. increase, and each ampere 
in 115-kv. windings would cause 125 re- 
active kv-a. increase in excitation. 
Assuming an average of these two 
values, it follows that only about 0.75 
ampere of direct current in the neutral 
for each 1,000 kv-a. of transformer 
capacity would be necessary to explain 
the observed increase of 30 reactive 
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megavolt-amperes on about 400 mega- 
volt-amperes of transformer capacity. 


The disturbances in which transfor- 
mer banks tripped on differential relay 
operation require no extended analysis. 
If direct current flows in one winding, 
it will not induce a corresponding cur- 
rent in the other, and in consequence 
single-phase transformers will have a 
steady magnetic flux in one direction 
which in turn will lead to saturation 
and increase the magnetizing compon- 
ent. The magnitude of this unbalanced 
component has been indicated in the 
previous discussion; for a 220-kv. trans- 
former one ampere of direct current 
will cause an increase of about 200 
reactive kv-a. in the magnetizing com- 
ponent, which appears as an unbal- 
ance at the differential relays. Coupled 
with this there will be a distortion of 
the wave form as indicated by the 
oscillograph. Insufficient data are 
available to permit making a state- 
ment as to the effect of this distortion 
on relay performance, but it seems 
probable that the effects will be gen- 
erally in the direction of increasing 
the apparent sensitivity, thus further 
decreasing the amount of actual unbal- 
ance necessary to cause relay tripping. 


Some thought has been given to the 
effects of direct currents on the ratio 
and phase angle of instrument trans- 
formers, but all of the test data so 
far examined suggest that the effects 
are of secondary importance. Instru- 
ment transformers generally operate at 
comparatively low magnetic flux densi- 
ties, and in consequence they are far 
less susceptible than power transformers 
to the disturbing effects of superim- 
posed direct currents. Relatively large 
d.c. components are necessary to make 
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a five per cent change in ratio of 
current transformers or to cause a 
similar error in the ratio of potential 
transformers. 

In seeking further light on the under- 
lying phenomena involved in the mag- 
netic storm, we may next turn to the 
data collected by the Bell Telephone 
system. Like the telegraph companies, 
telephone companies have long been 
aware of magnetic storms and have 
_taken steps to place instruments so 
that records of their currents could be 
observed. Many recording voltmeters 
are in continuous operation connected 
between ground points at various cen- 
tral offices. From an analysis of their 
records, it is known that potential dif- 
ferences of 400 volts or more occurred 
between numerous line terminals. One 
of the most serious effects of these dis- 
turbing voltages was the operation of 
the protective devices installed in cen- 
tral offices at the juncture of open-wire 
and cable plant. In numerous cases, 
the voltages continued at such high 
values that the protective devices oper- 
ated as fast as they were closed, making 
it impossible to use the circuits. In 
other cases, intermediate discharges 
across the gap of the protective devices 
were so frequent and severe as to make 
the circuits noisy and not satisfactory 
for service. | 

Analysis of the data obtained during 
this particular storm confirms earlier 
observations which show that the larg- 
est potential gradients occurred in areas 
known to have high earth resistivity. 
It may be observed that these areas 
are the same ones in which power- 
system disturbances were noted. 


Coming now to the matter of a 
more fundamental explanation of the 


nature of the magnetic storms, we find 
that we enter a field of speculation in 
spite of the enormous mass of exact 
scientific data that has been accumu- 
lated during the past century or more. 
For many years, magnetic observa- 
tories distributed throughout the world 
have been accumulating information on 
the earth’s magnetic field. From these 
it is known that there are continual 
changes not only from day to day but 
these 
changes are so small as to produce no 


from hour to hour; usually 


noticeable effect even in communica- 
How- 
ever, during the periods of magnetic 


tion circuits with earth return. 


storm, the changes become very much 
greater. Some idea of their magnitude 
may be gained from Doctor McNish’s 
calculation that during the great mag- 
netic storm of April 1938, energy was 
expended at the rate of 2,000,000,000 
kw. for a two-hour interval. The storm 
of two years later appears to have been 
even more intense so it 1s not surpris- 
ing that there were effects even on 
power systems of 2,000,000 kw. con- 


nected capacity. 


To quote now from Doctor McNish: 
“Mathematical analysis has shown that 
field changes during magnetic storms 
are due principally to causes above the 
earth’s surface, presumably electric cur- 
rents, and that these external effects 
are accompanied by effects due to the 
induction of currents within the earth 
It is 
an unfortunate limitation of mathema- 


by the primary external fields. 


tical analysis that it cannot describe 
uniquely both the location and con- 
figurations of these external currents, 
although with the assistance of math-: 
ematical analysis and some other con- 
siderations one may deduce probable 
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locations and configurations. The field 
changes may be divided into two classes 
—those which are symmetric about the 
earth’s magnetic axis and those which 
are non-symmetric. The first class may 
be thought of as due mainly to a large 
ring current about the earth, like the 
rings of Saturn, or to a current flowing 
in the outer atmosphere with intensity 
varying as the cosine of the geomag- 
netic latitude from zero at the geomag- 
netic poles to a maximum at the 
equator. The inferences we may draw 
from magnetic observations are entirely 
ambiguous in this regard for they per- 
mit either possibility. If the ring cur- 
rent is the correct conception its radius 
may be several times that of the earth. 
During the first phase of a magnetic 
storm the current in this ring flows 
from west to east and during the main 
or second phase it flows from east to 
west; the magnitude of the current 
reaches several million amperes at its 
maximum during great magnetic 
storms. Although the greater part of 
the energy of magnetic storms is in- 
volved in this hypothetical ring current, 
the magnetic changes are not rapid 
enough to induce the very high poten- 
tials within the earth which play havoc 
with electric systems. 


“The second class of field changes, 
which are nonsymmetric about the 
earth’s geomagnetic axis, are associated 
with electric currents flowing with 
maximum intensity along the auroral 
zone. ‘There is every assurance that 
these currents are confined to our 
atmosphere, probably at a height of 
about 100 kilometers or so, where radio 
observations and auroral phenomena 
attest that the atmosphere is highly 


ionized. Field changes arising from 
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these currents are responsible for the 
effects on communication and power 
lines. 


“Observation of the field changes at 
a number of stations during various 
magnetic storms has permitted map- 
ping of typical current-circulations. In 
general, these consist of intense currents 
flowing in an east-west direction along 
the auroral zone with diffuse return cir- 
culations—also confined to the atmos- 
phere—across the polar cap and in low 
latitudes. Westward currents predom- 
inate on the morning side of the earth 
and eastward currents on the afternoon 
side, the westward currents being in 
general more intense. Such currents 
may continue for an hour or several 
hours but rapid changes in their inten- 
sity take place. Obviously, with such 
a distribution of currents, although a 
magnetic storm may be occurring all 
over the earth, certain places will be 
subject to more intense disturbance 
depending upon the location of the 
place and the time of day at which 
the magnetic storm began. ‘The 
strength of these auroral-zone currents 
may exceed 1,000,000 amperes and 
changes exceeding 100,000 amperes in 
one minute have been _ observed. 
Although the path may be 100 miles 
or so in width, to a first approximation 
it may be regarded as confined to a 
vast trolley-wire stretching for hundreds 
of miles in an east-west direction at a 
height of about 100 miles above the 
earth. 


“The cause of the primary electric 
currents in the outer atmosphere or 
about the earth remains a matter of 
speculation. We know definitely that 
solar activity is directly responsible for 
magnetic storms—magnetic storms vary 
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in frequency with the sun-spot cycle 
and exhibit a quasi-periodic effect 
which is associated with the sun’s rota- 
On 

Finally, a word as to “what to do 
about it.” The record of past years 
indicates that while there will be recur- 
rence of magnetic storms of great mag- 
nitude, their effects probably will be 
no greater than just described. What 
the effects on service might be is for 
others to say. Possibly they are serious 
enough to justify a review of differen- 
tial relaying to determine whether 
changes can be made that will reduce 
the sensitivity as steady d.c. compon- 
ents in the neutral increase.—Electrical 
Engineering. 


T. E. BELL, Mimico 


Thomas Ellison Bell, superintendent 
of the Mimico Utilities Commission, 
passed away on Thursday, April 24th, 
1941, aged fifty-six years. 

He was a native of Belfast, Ireland, 
born in 1885, and lived there until he 
came to Canada in 1905. Before leav- 
ing Ireland he served for a time with 
the National Telephone Company at 
Belfast. Entering the employ of the 
Toronto Electric Light Company at 
Toronto, he stayed there until 1914 
when he became a foreman on over- 
head, wood-pole construction with The 
Hydro-Electric Power Commission of 
Ontario at 32% cents an hour, work- 
ing 10 hours a day. In 1917 he left 
the Commission to accept the position 
of superintendent of the Mimico Pub- 
lic Utilities Commission where he 
served until his death. 

In the discharge of his duties, Mr. 
Bell was an efficient and devoted ser- 


_Elgin, Ontario. 


vant of his employers and proved him- 
self a capable superintendent who was 


well liked. 


4 scence j | 


N. A. ANDERSON 
Niagara-on-the-Lake 


Nelson Alexander Anderson, super- 
intendent and 
the Niagara Hydro-Electric Commis- 
sion died on Tuesday, April 22nd, 1941. 
He was in his 55th year. 

He was born and raised at Port 
Ins 1902) -e mentered 
the employ of The MHydro-Electric 
Power Commission of Ontario on line 


secretary-treasurer of 


construction and clerical work, coming 
from Hamilton where he had been 
similarly engaged. In 1914 he went 
to Brantford Hydro-Electric System, 
and from there, in 1915, to Niagara. 
With the exception of two years at 
Sudbury, he resided at Niagara since 
that time. Starting as a lineman, he 
soon rose to the position of superin- 
tendent and of later years became also 
secretary-treasurer of the local commis- 
sion. In the performance of his duties 
he won the esteem of all with whom 
he came in contact. 

In his youth Mr. Anderson was an 
outstanding lacrosse player, and he 
always took a keen interest in all lines 
of sports. At the time of his death 
he was president of the Niagara Bowl- 
ing Club. He was also an outstanding 
golf player. 

Although he had been in poor health 
for some years, his death came as a 
great shock to the people of the town 
where he was well and favourably 
known, as also in Hydro circles gen- 
erally. 
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Welcome to A.I.E.E. 


By Dr. Thomas H. Hogg, Chairman and Chief Engineer, 
The Hydro-Electric Power Commission of Ontario 


T IS indeed a pleasure and an 
honour to extend to the members 
of the American Institute of Elec- 
trical Engineers, meeting for the 

third time in Canada, a most cordial 
welcome. 


Twice before, if I recall correctly, 
has the summer convention of the 
American Institute of Electrical Engin- 
eers been held in Canada; in 1922 at 
Niagara Falls, Ontario, and in 1930 
it came as far as Toronto. The 1930 
convention was a great success and as a 
result we in Canada are again privi- 
leged and happy to be hosts to our 
fellow engineers from south of the 
border. 

When we met in 1930 we were fac- 
ing, though few of us then recognized 
it, the long lean years of the depression, 
the most severe in modern times. This 
was indeed a testing time for all, espec- 
ially those engaged in production and 


Address to Convention of the American Insti- 
tute of Electrical Engineers at Toronto on June 
17, 1941. 
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in construction, spheres in which en- 
gineers play such an important part. 
Many new problems were presented by 
these conditions and the engineer was 
forced by circumstances to consider 
economic and financial matters to a 
greater extent than ever before. I be- 
lieve the engineering profession helped 
materially to guide the ship of state 
through these troubled waters, and that, 
in the new economic and social hori- 
zons that are opening before us, the 
engineer will be forced, often against 
his inclination, to spend more time on 
the bridge and perhaps less in the 
engine room. 

Meantime we have a big job to do. 
Canada today is at war, fighting for 
those principles of freedom, for the 
rights of self-government and of liberty, 
for which our forefathers struggled 
through the centuries; today, in fact, 
we are fighting for our lives and the 
lives of our families. 

The tools of war today are provided 
by science and engineering, but these 
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sciences, unfortunately, have been per- 
verted by evil men, planning over long 
years to employ gangster methods, in 
order that they may become slave- 
masters dominating the world. These 
men must and will be defeated. They 
can be defeated by the wholehearted 
and enduring efforts of the democra- 
cies of the world. But since the tools 
of war and of defence are produced 
largely by engineers, there rests upon 
us, the engineers of democracies, a very 
special and important responsibility. No 
doubt this thought will form a back- 
ground to much of the discussion of 
this 1941 convention. 

Today our brothers in the British 
Isles are fighting the forces of evil with 
a courage and morale of which we are 
all proud. Let us not forget, there- 


fore, that on this continent our ability 
to go and come as we wish, and within 
reason to do and say what we wish, 
rests today upon the fact that in her 
island fortress British airmen have been 
able to hold their own, and on the 
seven seas the British Navy still func- 
tions effectively. ‘These things are so 
because for many years past conscien- 
tious engineers and scientists have been 
quietly but effectively developing 
machines and equipment that individu- 
ally have proved themselves superior to 
those of our enemy. Behind the men 
and women of Britain who are in the 
front line, stands every Dominion in 
the Commonwealth of British Nations 
and to an ever-growing extent the aid 
of our great neighbour to the south. 


For more than a hundred years there 
has existed between our two countries 
a bond of friendship and a sincere 
willingness to share in the progress and 
development of both nations. Today 
we in Canada feel that in facing the 
common dangers of a titanic struggle, 
this bond is being strengthened, so that, 
more and more, we are united by a 
common ideal in the desire to preserve 
our national and personal freedom and 
the right to “life, liberty and the pur- 
suit of happiness” for our peoples. In 
our countries there exists as never be- 
fore a unity of purpose and effort 
directed to securing a successful con- 
clusion to a vital struggle. Engineers 
of Canada and the United States will 
be called upon to employ their experi- 
ence, and whatever specialized knowl- 
edge they may possess, so that by the 
efficient mobilization of the great re- 
sources of the two countries a contin- 
uous stream of munitions and supplies: 
of all kinds may be directed through 
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unimpeded channels to their appointed 
destination. 

The highest achievement in scientific 
and technical matters cannot be 
attained except where the utmost free- 
dom of thought and co-operative action 
are permitted. So today we are proud 
and happy to welcome you as our 
guests for a short time. We believe 
that the friendships that will result 
from this meeting, the interchange of 
knowledge and the discussion of ideas, 
will benefit us both personally and 


nationally. To the world, we can 


demonstrate the merits of friendly rela- 


- tions and the value of sharing knowl- 


edge, which will thus permit the bene- 
ficial use of the arts and sciences and 
enable them to take their rightful place 
in furthering the freedom, and happi- 
ness and well-being of the peoples of 
the earth. 

On behalf of the engineering profes- 
sion of Canada and the electrical indus- 
try of the Province of Ontario, I extend 
to you a most hearty welcome. 


i) ome § 


Domestic and Commercial Lighting 
Revenue and Consumption of 
all Hydro Municipalities 


HE growth in consumption and 

revenue from year to year for 

all domestic and all commercial 

consumers is shown in the fol- 
lowing tables. Also, both domestic and 
commercial consumers are divided into 
tables showing totals for cities with a 
population of 10,000 or more, towns 
with a population of over 2,000 and 
villages with a population under 2,000. 
The tables include all the municipalities 
as shown in Statement “D” of the An- 
nual Report, as well as those munici- 
palities owned and operated by the 
ELE PC. | 


DomMESTIC SERVICE 


Table No. I shows a steady increase 
in the use of electricity by city domestic 
consumers. The average monthly con- 
sumption rose from 188.3 kw-hr. in 
1939 to 193.8 kw-hr. in 1940. The 
average cost per kilowatt-hour was 1.16 
cents in 1940. 
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Table No. II shows that domestic 
consumers in towns have increased their 
average consumption from 143.1 kw- 
hr. in 1939 to 153.0 kw-hr. in 1940 
and average cost has dropped to 1.38 
cents in 1940. 

Table No. III shows that domestic 
consumers in villages have an average 
consumption of 114.6 kw-hr., with an 
average cost of 1.73 cents in 1940. 

Table No. IV gives a summary of all 
domestic consumers in all municipali- 
ties and may be compared with its 
component parts for the year 1940, as 


follows: 
Pa & 
o s oOo p> s:$ A 
exsi|eaca| § a 
SOM|e sails ss 
Ae ie eda g es 
a, 
cc) 
All Domestic 
Consumers Ser G2. bec LAO 
Cities TEKS 2.24 | 193.8 
‘Towns 1256 2.08 1 <155:0 
Villages 173 1.98 | 114.6 
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TABLE No. I 
Data For CITIES OVER 10,000 PopUuLATION 


DOMESTIC SERVICE 


: Number | Average Average 
y No. of Annual Kilowatt- of Cost Average Monthly 
ear | Munici- R hours Can Monthly C 
ee evenue on per : onsump- 
palities Consumed aa nee roe ie Bill ree ay 
1914 12 $ 614,925.00 12,646,400 55,597 4.86c | $1.06 28 
1917 19 1,063,264.00 36,693,100 | 107,248 2.89 .88 JUED 
1920 21 1,926,924.00 84,328,000 | 154,186 2.29 ea a 48.4 
1923 21 3,772,416.00 206,266,200 | 223,028 1.83 1.538 83.5 
1926 DA 5,374,069.00 324,290,285 | 255,109 1.66 1.80 108.0 
1930 26 7,921,316.00 541,876,998 | 315,611 1.46 ype 3 | 144.4 
1933 26 8,495,321.93 595,211,863 | 330,597 1.43 2.14 150.0 
1936 26 9,743,001.62 720,002,863 | 350,083 1.35 Doe 171.4 
1939 26 9,672,757.10 827,446,879 | 366,179 Daly 2220 188.3 
1940 26 10,064,709.22 865,971,948 | 373,855 1216 2.24 193.8 
TABLE No. II 
Data For Towns OVER 2,000 PopULATION 
DOMESTIC SERVICE 
: Number | Average Average 
= No. of Aare | Kilowatt- of Gace Average Monthly 
aes Munici- Revenue hours Con- per Monthly Consump- 
palities Consumed Bale ets Bill Ties Kw-he 
1914 19 $90,330.00 1,414,500 7,410 6.38c | $1.11 17.4 
1917 PH 180,075.00 3,824,600 15,731 Way i 1.01 21.4 
1920 36 353,915.00 10,053,100 24,041 3.50 Te26 36.0 
1923 43 651,499.00 25,411,300 34,135 DST Raye 60.1 
1926 48 1,037,016.00 50,487,035 47,873 2.05 1.84 89.6 
1930 53 1,468,194.00 733204,125 58,490 2-01 210 105.0 
1933 60 1,584,772.57 82,321,996 63,910 1.92 207 107.3 
1936 Sve 1,460,916.64 80,678,385 61,102 1231), 1.99 Oat 
1939 63 1,785,220.67 124,373,708 72,441 1.44 2.05 143.1 
1940 64 1,884,922.20 137,002,007 75,460 I ays) 2.08 153.0 
TABLE Now iil 
DaTA For VILLAGES UNDER 2,000 POPULATION 
DOMESTIC SERVICE 
: Number | Average Average 
y No. of Annual Kilowatt- of Cost Average Monthly 
ear | Munici- R hours Monthly 
ES evenue Con- per : Consump- 
palities Consumed Be enue Bill AO got SD 
1914 18 $ 24,913.00 291,000 1,859 9.55¢e | $1.10 ts. 
1917 77 97,516.00 1,412,500 8,334 6.90 .96 14.0 
1920 109 233,819.00 3,829,900 15,665 6.00 1.29 2 leo 
1923 142 531,505.00 11,249,100 29,689 4572 1.59 1 a | 
1926 174 942,309.00 29,945,632 46,900 3. 25 Legh 54.4 
1930 194 1,363,210.00 DOSUL EAST, 59,159 y a ak ns BR 53 80.1 
1933 214 1,559,083.62 64,651,548 66,371 2.41 1.96 re A te. 
1936 219 1,718,548.21 81,291,076 Vhoce Pace 2 Av 94.9 
1939 228 1,842,920.38 104,489,522 79,503 1 ey dv; 1.93 109.5 
1940 227 1,955,659.04 112,914,882 82,199 73 1.98 114.6 
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TABLE No. IV 
ALL MUNICIPALITIES TOTALLED 


DOMESTIC SERVICE 


No. of Kilowatt- 
Year | Munici- pes hours 

palities Consumed 
1914 49 $730,168.00 14,359,100 
1917 a 1,340,855.00 41,930,200 
1920 166 2,514,658.00 98,211,000 
1923 206 4,955,420.00 242,926,600 
1926 243 7,353,394.00 404,722,929 
1930 PACS 10,752,720.00 671,028,310 
1933 300 11,639,178.12 742,195,402 
1936 302 12,922, 466.47 881,972,324 
1939 oy 13,300,898.15 | 1,056,310,109 
1940 Le. 13,905,290.46 | 1,115,888, 837 


Number | Average AN Average 
of Cost MOS aE Monthly 
Con- per on euy Consump- 
Bill ; 
sumers Kw-hr. tion Kw-hr. 
64,866 H, 08e “f) $1.06. Zien) 
131,313 3.20 91 28.6 
193,892 2.56 Leto 44.6 
286,852 2.04 1,54 hoe 
349,882 1.81 Te79 98.4 
433,260 TCL 2.09 L30e1 
460,878 LA5¢ 2-10 134.2 
482,557 1.47 Zee foes 
SY Basel 5} 1426 Dela 169.9 
531,514 LEZ 2.18 174.9 


It will be noted that the average 
cost per kilowatt-hour for all domestic 
consumers was 2.56 cents in 1920; 1.61 
cents: inet 03 0cand 25 cents.in, 1940, 

The growth in the use of electricity 
by domestic consumers is also illustrated 
by graphs. 

Graph No. 1 shows the average cost 


per kilowatt-hour as given in Tables 
INOseeet tL iT and <EV. 

Graph No. 2 gives the variations in 
the average monthly bills from the 
same tables. 

Graph No. 3 shows the growth in 


the average monthly consumption. 


GRAPH NO. 1 


DOMESTIC SERVICE 


AVERAGE COST PER -HR. 


TOWNS 2,000 & ee 
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ALL MUNICIPALITIBS > 
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CoMMERCIAL LIGHTING SERVICE 


The tables and graphs on the revenue 


be compared with its component parts, 
as follows: 


and consumption of commercial con- ger cealeoe ae ; 
sumers show the effect of improved S 3 3 2s = g ee 
store lighting and industrial conditions. 2 S) zy 2 S Fe a 2 3g 
Table No. V shows a 25,000,000 in- — a. 25 

crease in kilowatt-hours used by com-. AJ] Commercial ar 
mercial lighting consumers in cities dur- Lighting Con- 

ing 1939 and a 40,000,000 increase in sumers 1.53c | $8.16 | 533.4 
1940. The average monthly consump- Cities 1.45 9.46 | 650.8 
tion in 1940 was 650.8 kw-hr. and the Towns 1.64 6.27 | 381.4 
average cost per kilowatt-hour 1.45 Villages 2.24 | .4.76 | 212.8 


cents. 

Table No. VI gives similar data for 
towns. 

Table No. VII gives similar data for 
villages. 

Table No. VIII is a summary of all 
commercial lighting consumers and may 


The average cost per kilowatt-hour 
for all commercial lighting consumers 
Was 2-oecents: in 1920°° 2.11 cénts° in 
1930 and 1.53 cents in 1940. 

The results shown in Tables Nos. 
V, VI, VII and VIII are graphically 
illustrated in Graphs Nos. 5, 6 and 7. 


No. of Kilowatt- 
Year | Munici- Es nnual hours 

palities Chien ess Consumed 
1914 12; $536,350.00 14,048,500 
1917 19 642,989.00 27,479,800 
1920 Fa 1,103,599.00 50,358,000 
1923 yal 2,043,197.00 91,146,500 
1926 21 3,393, 186.00 147,581,714 
1930 26 4,919,496.00 242,278,308 
1933 26 4,910,798.54 242,854,622 
1936 26 5,673,317.44 298,250,755 
1939 26 5,681,059.37 378,726,206 
1940 26 6,089,053.86 418,673,481 
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TABLE No. V 
DaTA For CitrES OvER 10,000 PopuLaTion 


COMMERCIAL LIGHTING SERVICE 


Number 


of 
Con- 
sumers 


Average Average 
Cost tee Monthly 
per Bill x Consump- 

Kw-h tion Kw-hr. 
3.80c | $3.94 103.7 
2.34 2.96 126.6 
2.19 BS ee at | P7220 
220 5.56 246.9 
esi 0) 7.08 308.0 
Zas SioL 409.6 
2.02 7.90 390.9 
1.90 9.08 477 .4 
1.50 8.87 59162 
1.45 9.46 650.8 
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TABLE No. VI 
Data For Towns OVER 2,000 POPULATION 


COMMERCIAL LIGHTING SERVICE 


: Number | Average Average 
a No. of eal Kilowatt- of eee Average Monthly 
ear | Munici- R hours ore Monthl C , 
ve evenue on per : onsump 
palities Consumed ee as ee Bill Pee eine 
1914 17 $71,457.00 1,362,000 2,393 5250 ie 2nOn 49.8 
1917 24 134,730.00 3,100,600 4,107 4.35 JELLO 63.5 
1920 36 221,867.00 6,179,400 5,736 3.59 3.30 91.8 
1923 43 315,530.00 9,598,000 7,086 3229 310 114.3 
1926 48 430,467.00 15,709,616 8,310 2.74 4.31 160.0 
1930 54 661,857.00 27,841,568 10,274 Ap rte) Dooo 226.4 
1933 60 663,596.72 29,864,388 10,966 eee 5.04 226.9 
1936 oC 687,355.93 32,957,583 10,600 2.09 5.40 259.1 
1939 63 820,003.15 48,244,514 11,669 1270 5.85 344.5 
1940 64 899,111.24 54,678,056 11,947 1.64 Oar 381.4 
TABLE No. VII 
Data For VILLAGES UNDER 2,000 POPULATION 
COMMERCIAL LIGHTING SERVICE 
. Number | Average Average 
- No. of ee Kilowatt- of ee Average Monthly 
ear | Munici- R hours Cra. Monthly C 
Te evenue on per : onsump- 
palities Consumed epee roe Bill RR ete ee 
1914 14 $16,974.00 259,200 $25 6-5oe [Slt 74 26.6 
LOTT. (ee 82,756.00 1,403,100 Lr piles 5.86 LS7 La, 
1920 109 152,497.00 2,799,500 D200 5.89 2.45 45.0 
1923 142 254,530.00 4,738,100 7,281 4.80 2.96 tient 
1926 Lio 352,942.00 8,505,684 9,459 4.15 Ba2n ie bea 
1930 193 513,518.00 17,718,146 11,553 2.89 3.76 129.9 
1933 214 575,396.85 19,616,479 12,708 2/93 On EL 128.6 
1936 219 641,220.20 24,027,215 13,220 2.67 4.04 5 Bay Be 
1939 228 755,199.53 32,664,380 13,997 2231 4.50 194.5 
1940 227. 796,858.90 35,634,885 13,954 Dil 4.76 212-6 
TABLE NoseVilt 
ALL MUNICIPALITIES TOTALLED 
COMMERCIAL LIGHTING SERVICE 
. Number | Average Average 
No. of nail Kilowatt- of Cost Average Monthly 
Year | Munici- Rene hours C Monthly C 
palities Consumed aac Koch Bill aieae he 
1914 43 $624,781.00 15,669,700 15;657 4.00c | $3.63 90.8 
1917 i 3" 860,475.00 31,983,500 27,453 2.69 ret af 103.1 
1920 166 1,477,963.00 59,336,900 36,496 De) Ser 140.0 
1923 206 2,618,257 .00 105,482,600 46,383 2.46 4.80 195.6 
1926 242 4,176,595.00 171,797,014 58,444 2.43 6.08 250.0 
1930 273 6,094,871.00 287,838,022 TlSio ede Fe bs 337.8 
1933 300 6,149,792.11 292,335,489 75,443 210 6.79 322.9 
1936 302 7,001,893.57 BOD; 200.008 75,878 1.97 7.69 390.1 
1939 317 7,256, 262.05 459,635,100 78,949 1°55 7.66 485.2 
1940 La 7,785,024.00 508,986,422 79,512 Las 8.16 533.4 
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Preliminary Suggestions on [Tree 
Clearance 


E have been handed a 

copy of a report prepared 

byaptiemdree- Clearance 

Subcommittee and Distri- 
bution Committee of the Edison Elec- 
tric Institute which was presented for 
Committee approval at the Chicago 
meeting of May 5th, 6th and 7th, 
1941.. As stated inthe report, it out- 
lines suggestions developed by the sub- 
committee during 2% years of study, 
and we understand it has been drawn 
up to conform with the best practices 
of electric utilities operating in the 
United States. The publication of the 
report herein does not imply that it 


has received approval of The Hydro- 
Electric Power Commission of Ontario, 
but we believe it contains information 
and instructions that should prove use- 
ful to a large number of our readers 
who have to give serious consideration 
to maintaining adaquate line clear- 
ances in treed areas. 
* * * * 

These suggestions have been devel- 
oped by the subcommittee from its 
2'4-year study of the economic and 
physical aspects of tree interference in 
the construction, and 
operation of overhead electric lines. 
They are intended as information to 


maintenance 
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HXAIBIF 1 
7: Species *Avg. Annual Maturity, Wood Strength 

ype Common Name Growth Rate Height (Green) 

in Feet in Feet Lb. per Sq. In 
Wright. sss. Carolina poplars. <1. 2.67 80 5,300 
American elm......... 121 85 7,200 
WVMCAIBOLE. 5 is ics es 1 Ba hie es 6,500 
Silver-maple. .. 4.2... 1.30 65 5,800 
TICK OL Yate aco tees .93 65 11,000 

Norway spfuce........ 1.50 60 Not available 

Lombardy poplar...... 1550 60 Not available 
SDreadine ay pougar maple. = Js" .. 81 65 9,400 
PREOLOAK Stet: Gee eee 1.00 65 6,900 
WTItetOAke f4h0k Sie esvn 81 65 8,300 
Black; walnut ies. 4ce- oS i 70 9,500 
ReGiiaApleses ne ec ke Pets 45 7,700 
HAVE ORIS oon. 8s oe ne Tet 50 11,930 

Horizontal. -S5. Norway maple ....... (f- 50 Not available 
Blackwillow: .; «<<... Oe 50 3,800 

POS CIGCT. Fee ye ote 1238 40 Not available 


*Approximate normal average rates in northern states, subject however to considerable variation due to 


soil, moisture and site conditions. 
first year growth rate of topped trees. 


serve as an interim guide until stand- 
ard line clearance specifications for the 
industry may be developed, approved, 
published and distributed. Probably 
one year or more will be required for 
the committee to complete its work 
and submit a final report. 

In view of this and the fact that 
the suggestions herewith listed cover 
most of the essential points to be ob- 
served by operating companies, we urge 
that copies of this information be made 
available to all engineers, line super- 
intendents, general foremen, right of 
way men, tree trimming supervisors 
and foremen, and others who have 
any interest in line design and main- 
tenance. 

DESIGN AND RIGHT-oF-Way 

Planning of overhead line structures 
to fit field conditions in advance of 
building is of first importance in pro- 
viding and maintaining satisfactory 
tree and wire relations. Adequacy of 
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As pruning stimulates growth, these values should be doubled to arrive at 


tree clearance, economic cost of line 
maintenance and operation, reliable 
service and good public relations are 
largely dependent upon careful initial 
attention to the following items: 

1. Keep constantly in mind that tree- 
free locations and deliberate tree avoid- 
ance, both where economically justi- 
fiable in establishing of new lines, aid 
maintenance and operation costs, safe- 
guard service reliability and are a bene- 
fit in reducing tree density per average 
mile of an electric system. 

2. Emphasize selection of tree-free 
right of ways in public places, also 
on private property, wherever permis- 
sible. 

3. Develop and apply best economic 
balance between pole material costs 
and tree trimming costs, both construc- 
tion and maintenance considered espec- 
ially where conductors are above tree 
crowns. 

4. Appraise in advance the degree of 
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EXHIBIT 2 


Horizontal 


Upright 


Spreading 


TREE FORM TYPES 


line security from tree interference re- 
quired and specify pole material and 
location to secure objective. 

5. Recognize basic tree form at ma- 
turity as an important factor control- 
ling pole heights and conductor posi- 
tion. =(see_ Exhibits) “and 2): 

6. Design and install overhead sec- 
ondaries, power and _ street lighting 
conductors to avoid central tree trunks 
and large limbs. 

7. Recognize and allow for variation 
in annual growth rates between differ- 
ent tree species subject to local environ- 
mental effects of soil, moisture and 
climate. (See Exhibit 1.) 

8. Apply wood strength knowledge 
of various tree species especially where 
conductors are under or at the side of 
tree crowns. (See Exhibit 1.) 

9. In the northern and middle states, 
design new primary and transmission 
lines to provide at least two years’ tree 
clearance between retrims. 


CONSTRUCTION 


1. Fully realize the significance of 
the fact that the original amount and 
quality of tree clearance as a rule 


definitely fixes the pattern for future 
retrims at each location. 

2. Avoid topping of trees where 
clearance requirements will permit. 

3. Install only poles of proper lengths 
to fit field conditions encountered. 
Great over-all benefits will accrue from 
careful observance of this point. 

4. When installing primary or trans- 
mission lines near young immature 
trees, make allowance for future neces- 
sary growth enlargement of crowns. 

5. Insist upon some separation of 
pole and tree alignments. 

6. Where possible and_ permissible, 
alter crossarm and insulator arrange- 
ment to obtain greatest separation of 
conductors from trees. 

7. To properly protect plant invest- 
ment against early and rapid deprecia- 
tion, trim trees as required to clear all 
electric conductors including services, 
secondaries, power and street lighting 
when initially installed. 

Oey bere 


dead and weak trees which are a haz- 


permissible, remove all 


ard to new transmission and primary 
distribution lines. 
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9. In the details of performing tree 
work during construction, observe all 
points listed under the Operation Sec- 
tion immediately following. 


OPERATION 


Along all electric lines which have 
been engineered and built for adequate 
tree clearances, initial trimming, also 
re-trimming for maintenance of essen- 
tial operating conditions, resolves itself 
largely into an orderly routine appli- 
cation of tree control principles. 

1. Retrim at regular intervals, pre- 
ferably two years before new growth 
reaches primary lines and greater sep- 
aration with transmission lines. ‘This 
procedure provides greatest protective 
benefits and tends to maintain better 
tree condition. 

2. Concentrate on weed tree removal 
and removal of other trees which are 
hazardous to electric service. 

3. Make all cuts so as to leave no 
stubs. 

4. Treat all wounds against the en- 
trance of decay and insect infections. 

5. In all trimming endeavour to pre- 
serve natural tree forms. 

6. Where permissible, remove un- 
sightly trees caused by previous im- 
proper line clearance work along elec- 
tric lines. 

7. Where trees have outgrown orig- 
inal pole heights or other line appur- 
tenances, seek line alterations before 
retrimming. 

8. Establish a standard minimum 
amount of clearance for each construc- 
tion type and each tree species in any 
operating region and strive diligently 
to achieve a good degree of compliance 
therewith. 

9. Carefully consider the possibili- 
ties of joint tree clearance operations 
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with overhead line utilities located on 
the same poles or same side of public 
thoroughfare if equitable and work- 
able arrangements can be made. 

10. Cooperate and coordinate closely 
with agents of public authorities where 
line clearance work is located in public 
places. 

11. Measure operating efficiency by 
cost per meter and average cost per 
mile of pole line. 


GENERAL POLICY 


1. Adopt routine policy throughout 
engineering, construction and operat- 
ing departments of tree avoidance 
where economically possible and for 
other reasons justifiable in overhead 
line work. 

2. Recognize tree work for overhead 
line clearance as a separate branch of 
electric utility work. 

3. Employ only trained tree workers 
as such procedure provides the most 
effective and economical results. 

4. Employ professional foresters or 
the equivalent to supervise both con- 
struction and operating line clearance 
programs. 

5. Authorize a policy of careful co- 
operation with public thoroughfare 
people and insist that it be applied in 
field details. An extension of this plan 
is to arrange conferences to discuss 
mutual problems with city, state and 
county street and highway departments. 
This or similar procedure should be 
helpful in some states. 

6. Approve a workable plan of tree 
replacement for removals, to be applied 
with discretion by field forces. 

7. In trimming trees for either con- 
struction or operating line clearance, 
always consult property owners for 
their wishes before starting tree work 
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unless previously and _ definitely 
arranged for. 

8. A tree density survey through 
which any line clearance program may 
be definitely appraised and analyzed 
is recommended for those operating 
companies which are interested in defi- 
nitely evaluing the scope of this oper- 
ation. 

9. Avoid cash payments for tree re- 
moval and trimming rights on public 
thoroughfares as such practice often 
reflects on constructive policy. 

The major objectives toward which 
this subcommittee is working are enu- 
merated as follows: 

1. Reduction in over-all costs due to 
trees in the construction, operating 
and maintaining of overhead lines. 

2. Encourage standardization of elec- 
tric utility tree work for overhead 


line clearance. 


3. Stimulate a greater degree of 
attention by the electric industry 
to tree preservation within per- 
missible limits. 

4. Electric utility education of the 
tree interference problem, and de- 
vise the most satisfactory solution. 

We trust that the points herein enu- 

merated under design, construction, 
operation and general policy for field 
application will aid materially in the 
major objectives sought. 

L. L. Newman, New Orleans Public 

Service, Inc., New Orleans, Louisiana. 

G. T. McCaskie, Public Service Elec- 

tric & Gas Co., Newark, New Jersey. 

M. T. Crawford, Puget Sound Power 

and Light Co., Seattle, Washington. 

E. L. Handy, New York Power & 

Light Corp., Albany, New York. 
G. D. Blair, Chairman, Consumers 
Power Co., Jackson, Michigan. 


Effects of Electric Current on Man 


By Charles F. Dalziel, Assistant Professor of Electrical Engineering, 
University of California, Berkley, and John B. Lagen, M.D., 
Assistant Professor of Medicine and Pharmacology, 
University of California Medical School, 

San Francisco, California 


HE danger of exposure to 
electric shock has been in- 
creased by the widespread use 
of devices having exposed elec- 
trodes, such as the electric fence, the 
electric insect trap, the electric fly 
screen, and the electric cattle prod. 
Many of these devices are purchased 
and installed by persons who are not 
familiar with the principles involved 
or the dangers inherent in such appar- 


atus. Because of the simplicity of 


construction, convenience, and economy 
afforded by the electric fence, many 
types are offered by small manufac- 
turers or constructed by novices with 
little or no regard for safety. Some of 
the homemade varieties are energized 
directly from lighting circuits protected 
only by ordinary fuses. In others the 
current is limited to about 62.5 milli- 
amperes with a 7% watt incandescent 
light. More elaborate devices have 
been constructed using radio parts and 
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thermostatic interrupters. The authors 
recently tested one of these devices and 
found that the interrupter failed in 
the energized position when a resistor 
equivalent to the human body resis- 
tance was connected to the fence ter- 
minals. Many of these devices have 
proved unreliable or ineffective, and 
have caused numerous animal fatali- 
ties. Quite recently regulations gov- 
erning some of these devices have been 
adopted, but the issue is far from being 
closed. 

Several human deaths have been 
caused by contact with electric fences, 
and in the light of existing conditions 
it is indeed surprising that the num- 
ber of fatalities has been so small. 
While some regulations have been 
adopted, the preparation of adequate 
regulations and the formation of safety 
codes have been impeded by lack of 
scientific information as to the amount 
of current that is safe for man. In 
the interest of public safety, it 1s 
essential that legislation be provided to 
permit only the».salé.and: use-of 
approved devices.* The public must 
be protected against the purchase of 
dangerous products. 

An investigation of the energy re- 
quirements and safety of electric insect 
traps, undertaken by one of the authors 
in 1936, showed that no reliable infor- 
mation was available on currents re- 
quired to control animals or to kill 
insects. Of much greater importance, 
there was little information available 
on the magnitude of electric currents 
safe for man. Therefore the original 
scope of the problem was expanded to 

*«‘ Approved’? means approved, labeled, or listed 
Be ie ede rte he Unde yoier Laboratories, 
peer inoa cf recopneed sanding 
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include a study of the general effects 
of electric shock on man. This paper 
presents results obtained on direct cur- 
rent and 60-cycle alternating current. 


A brief: reviewof the effects of 
power-frequency currents on man may 
prove interesting and instructive. The 
threshold of perception is about one 
milliampere when electrodes are held 
in the hands. A very faint tingling 
sensation is first felt. This rapidly in- 
creases in intensity as the current is 
increased, and at the same time invol- 
untary muscular contractions of the 
hand and wrist appear. These increase 
in intensity and progress up the arm 
to the chest with currents of 10 to 15 
milliamperes. From 15 to 20 milli- 
amperes the muscle contractions are 
severe and painful, and a sensation of 
mental discomfort difficult to describe 
may appear. At 20 milliamperes or 
higher, the chest muscles become in- 
volved, and breathing becomes some- 
what difficult. Up to a certain point 
an individual can still release the elec- 
trified wire in spite of the involuntary 
muscular contractions. The authors 
have called the highest current at which 
muscular control is still possible the 
“let-go current’. 

The main object of our investiga- 
tion was to determine the let-go cur- 
rents of a large number of subjects. 
Of the 114 men tested on 60-cycle 
alternating current, the average let-go 
current was 15.5 milliamperes, and the 
highest was 21.6 milliamperes. In 
order to get an accurate determina- 
tion, it was necessary to go above the 
let-go current of each individual. How- 
ever, none of the subjects was given 
more than 2 or 3 milliamperes in excess 


of his value. What happens at values 
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slightly above this is conjecture, at 
least as far as the authors are con- 
cerned. The subjects were exposed to 
the current for a matter of seconds 
only, just sufficient to give them time 
to exert a determined muscular effort. 
This exposure is distinctly in contrast 
with that of individuals who grasp an 
electrified wire and have to endure it 
until aid reaches them. The effects 
of fear must play an important role in 
these instances. The tetanic contrac- 
tion of the chest muscles might be 
sufficient to interfere greatly with 
breathing, and after sufficient exhaus- 
tion from muscular effort, death might 
occur from asphyxiation. Currents in 
excess of those that cause involuntary 
cessation of breathing, due to effects 
on the muscles, are believed to result 
in temporary paralysis of the nerve 
centres which may paralyze the respir- 
ation for a considerable period of time 
even after interruption of the current. 
Somewhat higher currents cause ven- 
tricular fibrillation, which results in 
death due 'to ‘failure of the heart 
muscle. The minimum current neces- 
sary to produce ventricular fibrillation 
in man has been estimated to be about 
100 milliamperes for shock durations 
of three seconds or longer. Once the 
human heart muscles begin to fibril- 
late, little can be done to save the 
victim. Currents considerably in excess 
of this value cause violent contrac- 
tions of the body musculature, and are 
believed to suspend the action of the 
heart, instead of causing it to fibrillate. 
The heart may resume its normal 
rhythm upon interruption of the cur- 
rent, or it may do so if resuscitation 
measures are applied promptly. Rela- 
tively large current (amperes, not mil- 


liamperes) produce sufficient heat to 
destroy nerves, muscle, and bone and 
to cause hemorrhages. Major damage 
to vital organs, especially that result- 
ing from electric arcing, may be so 
severe that death is inevitable. Delayed 
death may be due to burns, hemor- 
rhages, or other complications. 

In many high-voltage accidents the 
combination of high contact resistances 
and severe muscular reactions results 
in limited currents of short duration. 
These may cause respiratory paralysis 
and cessation of breathing. The heart 
may continue to beat, it may fibrillate, 
or, which is more likely, it may come 
to a standstill. Thereupon unconscious- 
How- 


ever in many instances the victim may 


ness and apparent death occur. 


be saved. Since a layman cannot dis- 
tinguish between these various possi- 
bilities, he should immediately give the 
artificial This 
should be continued until. death is 
diagnosed by a physician, until rigor 
mortis sets in, until the body becomes 
The 
value of the Schafer prone-pressure 
method of resuscitation must be em- 
phasized, especially to men in the field. 
Nevertheless, the best means of reduc- 
ing the present fatality rate of about 
one in 100,000 is instruction in the 
proper procedures for electrical work- 
ers, education of the public in the use 
of electrical’ equipment, and rigid ad- 
herence to safety codes. 


victim resuscitation. 


cold, or until the victim revives. 


It is encour-: 
aging to note that only a very small 
percentage of the victims who recover 
from an electrical injury show any 
permanent disability. 


‘THRESHOLD OF PERCEPTION 
The threshold of perception was: 


determined for direct current and com- 
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mercial 60-cycle alternating current. 
Each subject sat in a relaxed position 
in a chair with the palms of the hands 
resting on two number 7 copper-wire 
electrodes. The hands were moistened 
with a salt (sodium chloride) water 
solution in order to reduce contact 
resistance and permit the use of low 
voltages for safety. The current was 
gradually increased so that the sub- 
jects might become acquainted with 
the faint sensations of warmth and 
tingling. Repeated tests were then 
made to determine the smallest current 
that could be felt. The average of 
several trials was taken as the threshold 
The 60-cycle threshold current 


for 115 men was: 1.1 milliampere aver- 


value. 


age, 0.4 milliampere minimum, 4.0 
milliamperes maximum. The results 
are in close agreement with the gen- 
erally accepted value of one milli- 
ampere. The threshold of perception 
fonedirectacurrent for these = 115. men 
was: 5.2 milliamperes average, 2.2 
milliamperes minimum, 12.6 milli- 
amperes maximum. 


The tongue is probably the most 
sensitive organ likely to experience 
direct contact with a source of poten- 
tial. In fact, a popular method of 
testing dry cells is to touch the battery 
terminals to the tip of the tongue. It 
was therefore considered of interest to 
determine the minimum current that 
is perceptible. Each subject sat relaxed 
in a chair and held two platinum test 
electrodes lightly on the tip of his 
tongue. The electrodes consisted of 
two number 18 wires one inch long and 
spaced one-half inch apart by means 
of a Bakelite separator. Platinum wires 
were used to minimize galvanic effects. 
The threshold value varied over a wide 
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range among the subjects tested, and 
there was considerable variation in 
repeated tests on the same _ subject. 
As before, the threshold was taken as 
the average of several -trials. The 
60-cycle threshold for 115 men was: 
43 microamperes average, 4.0 micro- 
amperes minimum, 315 microamperes 
maximum. The threshold for direct 
current for the 115 men was: 44 
microamperes average, 0.6 micro- 
amperes minimum, 783 microamperes 
maximum. 


Let-Go CurRRENTS 

In these tests the subject grasped a 
test electrode consisting of a 12-inch 
length of number 6 copper wire. The 
circuit was completed by placing the 
other hand on a flat brass plate 8 inches 
in diameter. This permitted the sub- 
ject to break the circuit at any time he 


_ desired, even though it was necessary 


for an observer to hold the hand flat 
to prevent it from curling. The cur- 
rent was gradually increased to accus- 
tom the subject to the sensations pro- 
duced. After one or two trials, the 
current was increased at a moderate 
speed to a certain value, and at this 
point the subject was commanded to 
drop the test electrode. If he suc- 
ceeded, the current was increased by 
steps until he was no longer able to 
let go of the wire; if he failed, the test 
was repeated at a lower value. The 
endpoint was checked by several trials, 
insufficient in number to cause fatigue, 
but sufficient to permit an accuracy 
within a range of about 0.5 milli- 
ampere. 

Preliminary tests indicated that it 
was immaterial whether the other hand 
or one of the feet was placed on the 


indifferent electrode. They also indi- 
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cated that the let-go current was un- 
affected by the surface condition of 
the hands, tests having been made with 
dry hands and hands moist from pers- 
piration, salt, and weak acid water 
solutions. The standard procedure was 
to keep the subject’s hand moistened 
with a weak salt solution during the 
tests. ‘This was done in order to secure 
more uniform conditions, to lower con- 
tact resistances, and particularly to les- 
sen unpleasant sensations at localized 
tender spots due to high current densi- 
ties. As the salt solution dried on the 
hands, the voltage and _ resistance 
increased, although the let-go current 
remained substantially the same. It 
had previously been found by tests 
with open-circuit voltages from 5 to 
9,720 volts that sensations and mus- 
cular reactions were proportional to 
the current and not the voltage. These 
two findings confirm the generally 
accepted opinion that current and not 
voltage is the proper criterion of shock 
intensity. 

The let-go currents for 114 men 
were: 15.5 milliamperes average, 9.7 
milliamperes 21.6 milli- 
amperes maximum. As would be 
expected, the let-go current was higher 
for the huskier better-muscled subjects 
than for the thin, slight or lighter 
subjects. Right-handed men grasped 
the test electrode with the right hand, 
and left-handed individuals with the 
left. In the few trials that were made, 
the other or weaker hand had a limit 
of about 0.5 milliampere less than the 
test hand in the same subject. 


minimum, 


Let-go tests were also conducted with 
direct current. Steady direct currents 
produced a sensation of internal heat- 
ing of the hands and arms with only 


slight muscular contraction, although 
severe muscular contractions were pro- 
duced by sudden changes in current 
magnitudes, and a severe shock was 
experienced each time the circuit was 
broken. Many subjects stated they 
would almost rather maintain contact 
in spite of the burning sensation than 
experience the shock produced when 
they released the wire. The values 
obtained in the tests were the maxi- 
mum currents released and represent 
the limit of endurance rather than the 
let-go value. The limits of endurance 
for 28 men were: 74 milliamperes 
average, 61 milliamperes minimum, 83 
milliamperes maximum. 


SAFE ELECTRIC CURRENT FOR MAN 

Several factors must be considered in 
deciding what constitutes a safe cur- 
rent for man. The victim of an acci- 
dental shock can often release himself 
by using muscles little affected by the 
current. The muscular reactions pro- 
duced by the current may tend to 
break the circuit rather than to im- 
prove it, or loss of balance may free 
the victim. However, it is doubtful 
if any of these methods would be of 
avail when contact is established by 
eripping an electrified wire so that the 
path of the current is across the body. 
Naturally, when a man realizes his 
dangerous predicament, he will exert 
more effort to free himself than that 
stimulated in these experiments. Fright, 
however, might tend to nullify his 
efforts, and exhaustion certainly would. 
It was therefore concluded that the 
safe electric current for man is that 
value which can be released by using 
muscles directly affected by the current. 


The maximum current considered 
safe for man has been determined from 


VOL. XXVIII, No. 6 


THE: BUELETIN 


187 


TT THE HYyDRO-ELECTRIC POWER COMMISSION OF ONTARIO JIU TUTE 


se Eee 
P| | NG pena | 
Barone ee 
Meter ectoe stl 

ce 


NORMAL DISTRIBUTION 
FOR 114 MEN 


(PERCENTILE RANK) 
N 
° 


PERCENTAGE 
uo 
o 
ey 


meee ees 
Pe oleae a 
ees ae 


22 
LET-GO CURRENT, MILLIAMPERES 
Fig. 1—Distribution curve, 60-cycle 
let-go current. 


a statistical study of the experimental 
The curves of figure 1 show 
some of the results graphically. 
Obviously, the farther to the left one 
goes on the curve, the greater are the 
number of men who can release a given 
current. The conclusions are as fol- 
lows. If it is assumed that the 114 
men used in this experiment represent 
a cross section of all men of the same 
age and physical condition, then one 
man in 200 would not be able to let 
go of 88+or—0.8 milliamperes or 
more current. This figure is based on a 
very conservative analysis. Having taken 
into consideration the factors men- 
tioned, the authors are of the opinion 
that a reasonably safe 60-cycle alter- 


results. 


60 CYCLE LET-GO CURRENT 
DISTRIBUTION CURVE 


NORMAL DISTRIBUTION 
CURVE 


LIMITS OF ONE PROBABLE ERROR 


MILLIAMPERES 


Fig. 2—A magnified section of figure 
ie . 


nating current for man is 8 to 9 milli- 
amperes. 


Steady direct currents produced 
much less severe muscular contractions 
than those produced by alternating 
currents. Within the range covered 
in these experiments, the physical en- 
durance and will power of the subject 
fix the limit of the maximum release 
currents. Considering the factors, it 
appears conservative to conclude the 
maximum safe direct current for man 
to be at least 80 milliamperes. 


For women and children the safe 
values for direct current and for 60- 
cycle alternating current may well be 
less, and in the interest of safety, no 
figures should be stated until adequate 
investigations have been made.—Elec- 
trical Engineering. 
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The Use of Electrical Appliances 
in Ontario 


UBMITTED herewith are tables 

showing the results of surveys 

made in Hydro municipalities 

and in Hydro rural power dis- 
tricts and giving the estimated number 
of electrical appliances in use by urban 
and rural consumers at the end of 
1940, as follows: 


Table No. 1—Estimated number and 
per cent of saturation of major elec- 
trical appliances in use by domestic 
consumers in urban municipalities. 


Table No. 2—Comparison by systems 
of saturation of major electrical 
appliances in use by domestic con- 
sumers in urban municipalities. 


Table No. 3—Estimated number and 
per cent of saturation by systems of 
major electrical appliances in use 
among hamlet consumers in rural 
power districts. 


Table No. 4—Estimated number and 
per cent of saturation by systems of 
major electrical appliances in use 
among farm rural consumers. 


Table No. 5—Comparison of per cent 
of saturation of appliances in use in 
homes of urban and rural consumers. 


Each year all Hydro municipalities 
and rural power districts are asked to 
submit a report showing the number 
of appliances in use. Reports were not 
received from a small percentage of 
the municipalities and rural districts. 
The attached estimates were compiled 
based on the reports received. 

Table No. 1 shows that in some cases 
saturation of appliances in municipali- 
ties leaves considerable opportunity for 
educational and promotional activities, 


TABEESANoat 
TABLE SHOWING ESTIMATED NUMBER 
OF MAJOR ELECTRICAL APPLIANCES IN 
USE AMONG DoMESTIC CONSUMERS AT 
END OF 1940 IN URBAN MUNICIPALITIES 


Appliances Number | Saturation 
Electric % 

Ranges 173,207 30.9 
Hot plates 101,356 18.1 
Washers 276,516 49.3 
Vacuum 

cleaners 190,082 03.9 
Water heaters 

(flat rate) 695357 11.6 
Water heaters 

(metered ) 61,582 a a0. 
Grates 41,078 fies 
Air heaters 166,037 29.6 
Ironing 

machines 1552 ae 
Irons 516,804 92:2 
Refrigerators BRS) hey) Pa 
Toasters 349,132 62.3. 
Grills 59,214 ee 
Furnace blow- 

ers and oil 

burners 36,075 6.4 
Air 

conditioners (Aves i 
Radios 456,323 81.4 
Number of 

Consumers 560,452 


such as ranges, water heaters and refrig- 
erators. 

Table No. 2 indicates the difference 
in saturation points of the various appli- 
ances in different parts of the province. 
For example, ranges in Georgian Bay 
system have a saturation of 20.7 per 
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TABLE SHOWING COMPARISON OF SATURATION OF MAJOR ELECTRICAL APPLIANCES 
IN USE BY DOMESTIC CONSUMERS IN URBAN MUNICIPALITIES 
AT END OF 1940 IN EACH SYSTEM 


> 
S 
Appliances = gs S a : = 
ZA Zw OR aa ZF 
Electric 

Hot plates 18.1 15.4 34.8 222 36.0 
Washers 49.3 31,0 47.0 41.5 43.1 
Vacuum cleaners 33.9 36.4 2153 24.2 30.7 

Water heaters 
(flat rate) 11.6 F2i1 5.9 Iie2 11.9 

Water heaters 
(metered ) 11.0 ons, 8.0 1A9 18.4 
Grates ded 8.3 1.6 4.5 3.8 
_ Air heaters 29.6 31.1 15.4 2735 24.8 
Ironing machines el aA 1.8 200 19 
Irons 92.2 92.4 86.4 91.1 97.7 
Refrigerators 2a3 ZOA (ess) eae ese 
Toasters 673 61.5 60.6 64.8 70.8 
Grills TOSS 8.1 10.6 20.4 27.4 

Furnace blowers 

and oil burners 6.4 6.9 3.9 Say 23 
Air conditioners 12 12 0.5 15 1.6 
Radios 81.4 81.9 78.3 78.2 85.3 


cent while the Eastern Ontario system 
is 35.7 per cent. However, refrigerators 
and radios are almost equal in the two 
systems. 

Table No. 5 gives a comparison of 
the saturation of appliances in the 
homes of urban, hamlet and farm con- 
sumers. Hamlet and farm saturation 
is low in each item shown. Their buy- 
ing power, no doubt, is small, but also 
educational and sales efforts have not 
reached these consumers as they have 
similar consumers in the cities and 
towns. 
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The growth in use of appliances by 
rural hamlet consumers has barely kept 
pace with the growth in the number 
of consumers and would indicate a 
considerable field for sales effort. 

The growth in use among rural farm 
consumers, like the hamlet consumers, 
has barely kept pace with the growth 
in the number of consumers. 

The estimated number of appliances 
in use each year among urban domestic 
consumers, since 1924, shows the 
growth has been gradual and, except 
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TABLE-Now3 


SHOWING ESTIMATED NUMBER OF MAJOR ELECTRICAL APPLIANCES 
IN USE AMONG HAMLET CONSUMERS IN RURAL POWER DISTRICTS 
AT END OF 1940 By SYSTEMS 


IN THE Barn: 
Electric 
INL OTOES Se Tete ae eee 


Cream separators,....°.% 
Ui pe ae ee ae 
Tneabators.acs. < .o. 
BrOOUeES iter a5 hs 4 2 8S 


Water heaters (flat rate) 
Water heaters (metered) 
Miseellameotiss22) a0: |: 


In THE HOME: 

Electric 
RISES ete sr. hia ae. ce ae 
Pet Piates erica. 1 Yume 
Washers. 20 . : nae 
Vacttummeleaners .).535 
Water heaters (flat rate). 
Water heaters (metered) 
Grates... 2p. 


Retriveratorss area 
‘Toasters: Aaa e. 


Al Wiser Georgian Bay Kastern 
etna Gctenh and Northern Ontario 
y y System System 
n ee n Laon) q n el YH Ce fo 
SS (688) 6S --| 8 8 S.8) ge see 
cs& | yh] o& | bh] ch] ye] oh | ys 
Fae | CR | At | a | Ato Ae 
2,009 3.9 13547 (4c 5 197 Ba8 458 | 3.8 
691 1.4 489 1.6 106 133 96; 0.8 
LAB aeses Sod TBA Ps) Ral eras eee One Oe 
si Meanie PrP Pecente as) Oss llet vege oop Co Os 0-8 
14 cine 2a eo ton od One 2 sees 
61 0.1 5a week hal eg ae 53 0.4 
Oe teeee AS Ate tos eee La ie 
OF Ee Ose S201 O55 ABMien ote ote 13 0.1 
i235 Oe2 93 0.3 Sane eOet 255} = Oe2 
eltsaac, eSBs ee yo Ler codec doraes Do) eRe 
ca ues oc | cee eteke Eee Bade Qo 3 |, same eee 
beg ee eirey FUROR are Ca we Lee Dra os seek 
394 0.8 302 10 39 0.5 53 0.4 
6,697 | 13.2 4-( 301! 1o.G 776 Oo 2s Ube 9.8 
12,929 | 25.4 6,478. | 21:3 |:13,076-\3625-) 3 61 O eee 
24,253. | 47°60 15,575) 51. 2-1) 3,244 Sse So | oo eee 
8,618 | 16.9 5,881 | 19.3 920°} 1039 2) "LSE 10 
2,063 4.1 1,601 O08 135 1.6 Dae 28 
1,081 AS | 927 a | 81 bet 73 0.6 
433 0.9 249 0.8 Gime Ue ri 126 1.0 
3,700 1.3 2,295 26 BES: 4.0 | 1,072 8.9 
817 1.6 495 1.6 List 1.8 Ti 1.4 
39,607 | 77.8:) 23;668 4.77.9 | 762359) 74 0a O0Ga sO 
8,661 | L720 5,425 1017.8 4 123%) 14-6 122.005 roe 
27,576 |) 54.7 1) 16,0129)°62.7 | “4,368 52) ble ee eres 
37,675*| 74.0) 22,894} 75.3 | 5199 ) 68.8) oO 5825 esoee 
1,024 a0) 739 2.4 BO Oe a 235 1.9 
6,288.1 1273 4,032 | 13.3 fea 9:2 + 1,485:4 1233 
1,839 3.6 1,469 4.8 150 1.8 220 1.8 
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TABLE No. 4 


SHOWING ESTIMATED NUMBER OF MAJOR ELECTRICAL APPLIANCES 
IN USE AMONG FARM CONSUMERS IN RURAL POWER DIS?RICTS 
AT END oF 1940 By SYSTEMS 


AN Ne Georgian Bay Eastern 
Systems Ne cteni Tee Hes ae 
oe n ow oe Ce 
Oe ccar ee eres lacs |) 2.58 
es | 38 | os | $8 | #8 | Bs] os | 8s 
Cnet Oo 4 oy Be Oo es} Oo One Oo 
om be SOs me eat lee ee 6 cates 
Zee i eet eel |) At 
InN THE BARN: 
Electric 
NEOLOLS een Toy es cach ERO, Od b 1409 Glo, PAS C2 aspeioe4 ol elOUM 1521 
PAMIOS Meee. Ve ee he’ S105 1329 6,789 | 16.8 491 ad 890 7.9 
iSrauiermuder 5.20 dice 3,426 Dees 2,430 6.0 578 8.4 418 7.4 
Milking machine....... 2,041 onda] 1,298 362 118 | 625 a0 
IW COOL ack on 1,280 Da 992 255 63 0.9 225 2.0 
Cream separator... ..... 3,946 6x7 2,435 6.0 3907 are 4 10M 
Cir ges. hee en 616 yal 408 1.0 45 0.7 163 1.4 
Roectiators:. <>. 12) 706 122 486 12 61 0.9 159 1.4 
IBLOOdEES eee 901 1X5 663 126 55 0.8 183 1.6 
Hatebeds Sie. ed 2 ek 59 0.1 44 Gat re 0.1 8 Orel 
Water heater (flat rate) 146 0.3 127 0.3 ale! (eZ 8 Ost 
Water heater (metered).. 69 0.1 4] 0.1 10 Gat 18 0.2 
Miscellaneous.......... Gh 1.0 435 1.1 78 ee 64 0.6 
In THE HoME: 
Electric 
Range Pies oie ade Not kO,OO0 [oka eo O02"): 2as4 343 5.0 834 7.4 
is (010 0) SC er ae £2 OS LS 244 Sol e221 at 390 41-20). 2.) 2,235) | 19.8 
WSHer SY rota es seh Lees as BASS AG OOP orl. 2OpSOds BO ORioM O, 200! 44a oc per 0s 104). OL..0 
Vacuum cleaner........ 9,468 | 16.1 COTA 19.0 511 Tek Weel aOR eke 
Water heater (flat rate).. 2,647 4.5 2,477 6.1 31 0.5 139 i ea 
Water heater (metered).. 1,283 Dae Lise 228 56 0.9 90 0.8 
St At es eee hi sara 629 Hor 541 Lao 20 0.3 68 0.6 
iRpCAL eit es fe es. 4,626 7.9 Aye ite) 9.3 179 2ob 689 6.1 
TOMEI Se he et oe ca So 824 1.4 628 te6 BY% 0.8 139 £22 
Tet nels Gigs) ee ro 44.775 | 76.3 | 32,839 | 81.1 | 4,466 | 64.6 | 7,470 | 66.1 
Remiserators: 04-55 ae: 9,206 | 15.7 71862 47.8 489 elie DD Lar komo 
Si OAstehs ath, Sasha oe nce sss S1-036-|). 52.9.|— 23,2000) oes] 2,660 | 38.5 |.°5,121 | 45.3 
lacaNe bro ito te Heat RAUNT 44969175244) 31696) a7srs 4 4,681 | 67.8 |. 7,892: | 69.8 
Furnace blowers........ 1,209 Pah | 928 Zine 52 0.8 229 2.0 
Sg itest od geese ae 9,415 | 16.0 1,000 (elo 650 OA 1520 2 erie 
Miscellaneous.......... 1,822 Set 1,703 402 53 0.8 66 0.6 
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TABLE No. 5 
COMPARISON OF APPLIANCES IN USE IN 
HOMES OF URBAN AND RURAL 
CONSUMERS AT END OF 1940 


| fad| £8 
Appliances oop (ioe Caer 
Sie ees | ate 
PSE a ow | a SS 
A | ed 
Electric | 
Ranges 30-9 elel ork ecb/295 
Hot plates ESateae Zoo 21.43 
Washing 
machines 49.3 | 47.61 | 59.32 
Vacuum | 
cleaners $9.9: |-16.92-) 16.13 
Water heaters | 
(flat rate) Omer d0o 1) “4.21 
Water heaters 
(metered ) Fir OeeD abo). 2.00 
Grates thes: 0.85 107 
Air heaters 29.6 7.26 7.88 
Ironing 
machines 3.1 1.60 1.4 
Irons GP 17.76 VAL GR2 7 
Refrigerators Dieome | 7:00 LOG 
Toasters 62.3 | 54.14 | 52.87 
Furnace 
blowers 
and burners 6.4 2.01 2.06 
Radios 81.4 | 73.97 | 75.41 


for ranges, was only slightly affected 
by boom and depression years. 

The average consumption in urban 
homes of Ontario is slightly over 2,000 
kilowatt-hours per year. It is estimated 
that an average home could easily 
consume 10,000 kilowatt-hours per 
year. Many small homes are consum- 
ing more than this. It is, therefore, 


possible to increase the average con- 
sumption four to five times by the 
greater use of electrical appliances. 
The absence of waterworks systems in 
smaller municipalities curtails the use 
of water heaters. Natural gas and 
municipal gas plants affect the use of 
both water heaters and ranges. 
Notwithstanding these and _ other 
deterrents, we are still far from the 
saturation point for many electrical 
appliances throughout the Province. 


W.R.SIBLEY, Parkhill 


In the sudden death of W. R. Sibley 
on Monday, June 2, 1941, Parkhill 
lost one of its best known and highly 
esteemed citizens. He was attending 
to his office duties on that morning 
when he was seized with an attack, 
shortly after which he passed away. 

He: was born near Stouffville, 
Ontario, in 1873. Over forty years 
ago he went to Parkhill, where he con- 
ducted a photograph studio, and car- 
ried on business as a house decorator. 

When Parkhill began taking power 
from The Hydro-Electric Power Com- 
mission of Ontario, early in 1920, he 
was appointed secretary-treasurer of 
the local Hydro-Electric System. In 
addition to performing his office duties, 
he also did the meter reading, and in 
making his rounds of the houses, his 
friendliness endeared him _ to 
everyone. The healthy condition of 
the Parkhill utility is testimony of the 
excellence of his guiding hand. 
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New Concrete Specifications 


(Continued from May.) 
15. Reapy-MiIxep CONCRETE 
(a) General 

Ready-mixed concrete may be used 
on the work subject to the following 
special conditions. In all other 
respects, both it and the material from 
which it is made shall comply fully 
with the requirements of these speci- 
fications. 

(b) Mixing 

The concrete shall be mixed in an 
approved truck drum mixer. The mix- 
ing equipment shall be capable of 
combining the aggregate, cement, and 
water within the specified time into a 
thoroughly mixed and uniform mass, 
and of discharging the mixture with- 
out segregation. Each batch of con- 
crete shall be mixed not less than 50 
nor more than 150 revolutions of the 
mixer at the rate of rotation specified 
by the Manufacturer as mixing speed. 
The volume of the mixed materials in 
the mixer-drum shall not exceed the 
manufacturers’ rated capacity of the 
mixer. Additional mixing, if any, shall 
be done at a slower speed for agita- 
tion and shall be in accordance with 
the Standards adopted by the Mixer 
Manufacturers’ Bureau of the Asso- 
ciated General Contractors of America. 
The drum shall be water-tight when 
closed. 

The truck mixer shall be equipped 
with a tank for carrying the mixing 
water, and the water shall be measured 
and added to the tank at the propor- 
tioning plant. 

(c) Time of Hauling 

Unless the Engineer permits a longer 

period, concrete shall be delivered and 
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discharged from the mixer within one 
hour after the introduction of the mix- 
ing water to the dry materials. 
(d) Determination of Volume of Con- 
crete 

Where ready-mixed concrete is pur- 
chased by the Commission, the basis 
of measurement of the concrete shall 
be the cubic yard; and the volume of 
concrete delivered shall be taken as 
equal to the sum of the absolute vol- 
umes of its separate ingredients, as 
calculated from the weight of each 
material and its specific gravity. Pro- 
per correction shall be made in this 
calculation for free and absorbed mois- 
ture contained in the aggregate. 


16. Cotp WEATHER REQUIREMENTS 


(a) Temperature of Concrete 

Concrete delivered when outdoor 
temperatures are lower than 40 deg. 
fahr. shall arrive at the work having a 
temperature not less than 50 deg. fahr., 
nor greater than 90 deg. fahr., unless 
otherwise specified by the Engineer. 

If, at any time in the progress of 
the work, the temperature is, or in 
the opinion of the Engineer will, within 
twenty-four hours, drop to 40 deg. fahr., 
or below, the water and aggregate shall 


be heated. 


17. CONSTRUCTION AND SETTING 
OF ForMS 


(a) Materials 

All material used in forms shall be 
approved. Lumber shall be sound, 
straight, free from warp, decay, loose 
knots; of sufficient size and strength; 
and dressed smooth, sized to width and 
thickness. Material once used in forms 
shall be culled, have nails withdrawn, 
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and surfaces to be in contact with con- 
crete thoroughly cleaned before being 
used again. 
(b) Design and Strength 

All forms shall conform to the 
shapes, lines and dimensions of the 
concrete as indicated on the drawings; 
shall be substantial, rigid, and unyield- 
ing; so designed, tied, and supported 
that they will not deflect or bulge 
under the weight or pressure of the 
newly placed concrete, or of super- 
imposed loads; and tight enough to 
hold mortar. 
(c) Internal Ties 

Bolts and rods shall be used for 
internal ties, so arranged, that when 
the forms are removed, no metal shall 
be within one inch of any surface. 
Wire ties shall not be used on any 
portion of the work unless written per- 
mission is given by the Engineer. 


18. TRANSPORTING AND DEPOSITING 
CONCRETE 

(a) Transporting Concrete 

Concrete shall be conveyed from the 
mixer to the place of final deposit by 
methods which will prevent the separa- 
tion or loss of materials. Equipment 
for conveying concrete such as buckets, 
cars and trucks, bolt conveyors, pneu- 
matic, and pumping shall be of such 
size, design and condition as to insure 
a practically continuous flow of con- 
crete at the delivery end without 
separation of the materials. All 
methods used shall be authorized by 
the Engineer. 
(b) Chuting 

The use of chutes to convey con- 
crete will not be permitted except that 
short lengths of chutes less than 10 
feet in total length may be used imme- 
diately adjacent to or in the forms. 


Where chutes are used they shall be 
so constructed and arranged as to per- 
mit continuous flow of the concrete 
without separation of the ingredients. 
All chutes or equipment used shall 
be as close as possible to the point of 
deposit and shall be so arranged that 
the free fall of the concrete shall not 
be greater than five feet. 

The dropping of concrete through 
flexible elephant trunk drop chutes will 
be permitted providing some means is 
used at the lower end to retard the 
speed of the falling concrete and pre- 
vent it from segregating by falling on 
a hard surface. 

(c) Pumpcrete Machines 

Where concrete is transported by 
pressure through a pipe all trestles or 
scaffolding supporting the pipe shall 
be erected independent of the forms. 
(d) Depositing 

Concrete shall be deposited as nearly 
as possible in its final position to avoid 
rehandling. Concreting shall be car- 
ried on as a continuous operation until 
the unit of operation is complete and 
by methods which shall prevent sep- 
aration or loss of ingredients. 

(e) Placing Concrete Under Water 

When it is necessary to place con- 
crete under water a tremie, a water- 
tight box or bucket which is discharged 
from the bottom after it has contacted 
the foundation or surface of the con- 
crete, shall be used when approved by 
the Engineer. 

(f) Cleaning Equipment 

The inner surfaces of the mixing and 
conveying equipment used on the 
work shall be kept free from hardened 
concrete and foreign materials. ‘Trans- 
porting equipment shall be cleaned at 
frequency intervals. All equipment 
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shall be thoroughly flushed with water 
after each run. The water used for 
this purpose shall be discharged out- 
side the forms. 


19. COMPACTING 


(a) General 

All methods of compaction shall be 
approved by the Engineer. As con- 
crete is being placed it shall be com- 
pacted thoroughly and uniformly by 
means of tramping, hand-tools, vibra- 
tors, or finishing machines in order to 
secure a dense structure, close bond 
with reinforcement, and smooth sur- 
faces. ‘The concrete shall be worked 
well around the reinforcing and em- 
bedded fixtures, and into the corners of 
the forms. Concrete shall not be 
worked more than necessary to consoli- 
date it as overwork causes it to segre- 
gate and moves water and fine par- 
ticles to the surface. 


(b) Vibration 

Heavy duty internal vibrators, pow- 
ered by compressed air or electricity, 
of a type, size, capacity and frequency 
approved by the Engineer shall be 
available on the job, in good condition, 
before concreting is started and shall 
be used as and when directed by the 
Engineer. For reinforced concrete or 
in restricted forms, flexible operating 
handles will be required; for mass 
concrete the motor and case shall be 
directly attached to a vibrating ele- 
ment of considerable weight. 

A vibration frequency of about 7000 
is considered most effective and fre- 
quencies of at least 5000 are desir- 
able. Application of the vibrators shall 
be made systematically and at such 
intervals that the zones of influence 
overlap. The vibrator shall be applied 
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supported thereon. 


at any point only for such a period 
that the concrete is properly compacted 
and not for such a time that segrega- 
tion will occur. 


20. METHOD AND RATE OF DEPOSITING 


Concrete shall be deposited continu- 
ously and as rapidly as practicable 
until the structure is completed or 
until satisfactory construction joints can 
be made, as called for on the plans 
or otherwise directed by the Engineer. 
The rate of depositing shall be not 
greater than five feet per hour in 
height and shall not be dumped in 
the form faster than the placing crew 
can compact it properly. At least two 
hours must elapse after depositing con- 
crete in the columns or slabs before 
depositing in beams, girders or slabs 
Continuous _plac- 
ing of concrete to heights of 65 to 70 
feet will be permitted. 

The concrete shall be deposited in 
horizontal layers in the forms as nearly 
as possible in its final position to avoid 
rehandling; it shall be so deposited as to 
maintain, until completion of the unit, 
a plastic surface approximately hori- 
zontal. The piling up of concrete in 
the forms in such a manner as to per- 
mit mortar to escape from the coarse 
ageregate will not be permitted. 


21. Dry Pack GRouUTING 


The volumetric proportions for dry- 
pack grouting shall be one part of 
cement to two and one-half parts of 
concrete sand passing through a fly- 
screen (sieve No. 16). Only sufficient 
water shall be added so that it will 
pack when placed under pressure. The 
total water added to the dry material 
shall not be greater than one and 


three-quarter gallons per sack of 
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cement. Curing of the concrete shall 
conform to the requirements of Sec- 
tions 23 and 24 of this Specification. 


22. CONSTRUCTION JOINTS 

Horizontal construction joints will 
not be permitted unless called for on 
the plans and then shall be made so 
that the face joint will be level and 
in a straight neat line. 

Vertical construction joints shall be 
built 
plans. 

When called for on the plan, vertical 
construction joints on wall sections shall 
have a “V” groove on the sides and 
top. The side joints shall be made as 
shown on the drawing and the top 
joint by an edging tool which shall 
produce a groove one inch in depth. 


in strict accordance with the 


23. CURING AND PROTECTION 

All freshly placed concrete surfaces 
shall be protected from the elements 
and from defacement due to building 
operations. ‘The Contractor shall pro- 
vide, and use when necessary, enough 
tarpaulin or other suitable material to 
cover completely or enclose all freshly 
finished concrete. 

As soon as the concrete has hardened 
sufficiently to prevent damage thereby, 
provision shall be made for maintain- 
ing the concrete in a moist condition 
or by approved methods for a period 
of at least ten days after the place- 
ment of the concrete. For high early- 
strength concretes, special moist cur- 
ing shall be provided for at least the 
first three days of the ten-day period 
after the placement of the concrete. 
Horizontal surfaces shall be covered 
with at least one inch of wet sand or 
other approved moisture-retaining cov- 
ering. Intermittent drying shall not 
be permitted. 


24. PRECAUTIONS IN FREEZING 
WEATHER 
Mixing and placing concrete during 
freezing weather shall only be done 
with the approval of and as directed 
by the Engineer. Suitable means shall 
be provided for maintaining all parts 


of the concrete at a temperature of at 


least 50 deg. fahr., for not less than 
seventy-two hours after placing, or until 
the concrete has thoroughly hardened. 
The methods of heating the materials 
and protecting the concrete shall be 
approved by the Engineer, and shall 
be such as will prevent local drying. 
Salt, chemicals, or other foreign 
materials shall not be mixed with the 
concrete for the purpose of preventing 
freezing. 
25. INSPECTION 

Adequate facilities shall be provided 
the Engineer to enable him to inspect 
all processes and equipment, and to 
inspect and sample all materials used 
in the manufacture of the concrete 
delivered under this specification. 


26. SAMPLES OF CONCRETE 

Samples of concrete taken for the 
purpose of determining whether or not 
the concrete meets the requirements 
of this specification shall be secured at 
the point of delivery during the dis- 
charge of the batch. Samples shall 
consist of not less than one cubic foot 
obtained at not less than three points 
in a batch. 


27. CONCRETE TESTS 

(a) Testing Facilities 

The contractor shall supply, if re- 
quired, and to the satisfaction of the 
Engineer, a suitable building for field 
laboratory equipped with _ tables, 
benches, power and water supply, drain- 
age and heat, and moist room for stor- 
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age of concrete cylinders. ‘This stor- 
age shall keep the concrete cylinders 
moist at a temperature of 70 deg. fahr., 
plus or minus 5 deg. fahr., summer and 
winter. Heat control equipment and 
all testing apparatus will be provided 
and installed by the Commission. 
(b) Test Cylinders 7 

The following table shows the num- 
ber of tests to be taken during con- 
creting operations: 
Total Gu. -Yds. 


of Concrete 
placed during 


Number of Strength 
Tests to be Taken 


day 

1=to.100 1 test for each 100 cu. yd. 
OEE CO a OOOKe alae ene is ok SOO. 41 28? 
(OO teeta s 20002 20d regi OO. 


Three cylinders shall be considered 
a test. 


28. Form REMOVAL AND CONCRETE 
PATCHING 

(a) Removal of Forms 

Forms shall not be removed until the 
concrete has thoroughly hardened and 
is of sufficient strength to safely carry 
its own weight together with construc- 
tion loads likely to come upon it and 
until permitted by the Engineer. 
(b) Voids and Stone Pockets 

All voids, stone pockets, fins and 
dents discovered after the removal of 
the forms shall not be filled or pointed 
up until viewed and until instructions 
are given by the Engineer. Before 
repairing voids, etc., all loose concrete 
shall be removed and the surface shall 
be roughened, keyed and well-soaked 
In replacing the con- 
crete or mortar, the color shall match 
the surrounding concrete and_ be 
allowed to set before rubbing. 


with water. 


29. FINISHED SURFACES 
(a) Horizontal Surface Finishes 
All concrete or mortar wearing sur- 
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face shall be placed as a monolith 
except where instructions are otherwise 
given by the Engineer. 

Surfaces shall be drained of free 
water when nearing the finish eleva- 
tion. Where possible the concrete at 
the top of the lift shall be dried up 
by reducing the water content to 
approximately four gallons per sack of 
cement. 

Surfaces shall be finished by one or 
more of the three operations of screed- 
ing, floating or trowelling. Screeding 
shall consist of moving a straightedge 
or template with a saw motion along 
wood or metal strips established as 
guides. ‘This shall be done immediately 
after compaction to give the surface its 
approximate shape and elevation. 

Floating shall consist of working the 
surface with a wood float. It shall be 
commenced shortly after the surface is 
struck off or screeded. ‘The operation 
shall be done sparingly at first as exces- 
sive working at this time tends to bring 
an excess of fines and water to the 
surface. In order to obtain a good 
finish, the final floating shall be done 
when the concrete has reached the 
proper stage in the setting process. 
When an extremely smooth or dense 
surface is required, the floating shall 
be followed by finishing with a steel 
trowel when the surface can no longer 
be dented with the finger. 


(b) Mortar Applied to Set or Fresh 


Concrete 


For bonded topping it is essential 
that the surface of the concrete base 
shall be thoroughly cleaned and sufh- 
ciently rough to provide good bond. 
Before the base has fully hardened, all 
laitance, scum, loose aggregate, and 
dirt shall be removed with a stiff 
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broom or by an application of air 
pressure and water, so as to leave the 
coarse aggregate slightly exposed. In 
order to minimize differential volume 
changes between topping ana base, the 
surface of the base shall be kept thor- 
oughly moist for at least 24 hours 
prior to placing the finish, but no free 
water shall be applied or allowed to 
remain on the surface within 30 
minutes of the time when the finish 
is to be placed. 
(c) Proportions for Topping Mortar 

Where a surface mortar is to be 
placed on new or hardened concrete, 
the proportions by volume shall be one 
part of Portland cement, two parts of 
concrete aggregate, which shall pass 
through fly-screen (sieve No. 16). Not 
over 3% gallons of water per sack of 
cement shall be used. 
(d) Time of Mixing for Topping Mor- 

tar 

All wearing surface mortar shall be 
mixed for not less than five minutes 
after all ingredients including the water 
are in the mixer. 
(e) Preshrunk Surface Mortars 

Where the wearing surface is to be 
placed on hardened concrete the mor- 
tar shall have been mixed '% to 1 
hour before being placed. 
(f) Placing, Compacting, 

and Finishing 

After the base has been properly pre- 
pared and screeds are in place, a thin 
coat of neat cement paste shall be 
broomed into the surface of the con- 
crete base for a short distance ahead of 


Screeding 


the topping. The wearing surface shall 
be evenly spread, tamped and brought 
accurately to grade with a straight edge, 
and finished as previously described. 
(g) Rubbed Surfaces 

Soon after the face forms have been 
removed all fins or other projections 
shall be carefully removed and where 
patching is necessary the instructions 
given under Section 28 of this Speci- 
fication shall be followed. 

The surface to be finished shall be 
wetted and rubbed with a carborun- 
dum brick, or other abrasive, without 
applying any cement or other coating, 
until even and smooth. When this has 
been done, the grout or mulch which 
has collected shall be thoroughly 
washed off. For surfaces not specified 
to be painted, the surface shall again 
be wetted and rubbed until a small 
accumulation of fine grained paste is 
produced. This paste shall not be 
removed but shall be carefully spread 
with a moist Kalsomine brush, burlap 
or other approved means to form a 
uniform, very thin coating upon the 
surface of the concrete. 


Corrections 


In the May issue, page 157, last line, 
the temperature should have been given 
as “about 70 deg. fahr.” Also on page 
151 of the same issue, in the paragraph 
listing systems in order of system peak 
loads, that in third place should have 
been stated as ““Commonwealth Edison 
Company and subsidiaries.” 
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Alternating Current 50 Years Ago 


RECENT issue of The Electri- 
cal Times contains some some 
notes by C. S. Vesey Brown, 
who began working with 

Ferranti in August, 1887, at the Gros- 
venor Gallery Electric Lighting Works 
in London, England, “then in_ its 
transition stage from a privately owned 
local concern, buried in a cellar, to a 
full blooded electric power station, with 
Parliamentary powers extending from 
Deptford to Chelsea and with ambi- 
tious projects to supply power and 
light from an 83 cycle single phase cir- 
cuit.” 
staff of which Ferranti was chief ‘“‘were 
roughly, generation and control of the 
engine room, distribution by overhead 
cables, installation of transformers 
(2,500/100 volt), and preparation of 
meters (mercury bath Ferranti type).” 

After naming a number of men who 
got their early training there and later 
became known in other parts the author 
states in part:—Before these various 
pioneers, devoted to their Chief’s ser- 
vice, could develop his ideas, they each 
had to learn what he wanted to be at. 
“Start right from the beginning” was 
the order of the day, and “learn by 
practical experience’ the cause and 
effect of each operation. Not for them 
a catalogue to choose from—there 
were none—and nowhere could be 
Cable- 
makers, electrical apparatus, accessories, 
dynamo and motor builders themselves 
rarely knew what to expect from their 
designs. If a cable did not heat up 
on passing a certain current density, 
then “shove a bit more through and 
If switches supplied from 


found a list .of standards. 


chance it’’. 
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The duties apportioned to the ~ 


a continental maker did not spark 
when opening the circuit, then rate 
them 100 volts or 10 amperes more 
and, again chance it. 
was designed to give 20 amperes at 
200 volts running at 2,000 rev. per 
min., and another 10 amperes or 50 


If a dynamo 


volts was wanted to supply some urgent 
need atheneruneit at. -3,000" revi per 
min. and, again, “chance it’. 

The founders of the London Electric 
Supply Corporation promoted an exhi- 
bition held on May 13, 1888, at the 
Grosvenor Gallery for the benefit of 
Mr. Joseph Chamberlain, . . . to show 
what electric supply at 10,000 volts 
could .do, One hundred ~~ 20-c.p. 
incandescent lamps, each consuming 
approximately 70 watts, were strung 
up in series, on silk strings to insulate 
the “circuit, and lighted up from. a 
4-to-1 transformer off the 2,500 volt 
local supply. He said that it was an 
astonishing thing to see 10 h.p. trans- 
mitted through such a thin wire. 


associates 
option to erect a hydro-electric power 


Ferranti’s took up an 


station on the Niagara Falls (Canadian 
side) 


Canada joined them. One of these a 


and interested capitalists in 
well-known polish émigré, who had 
established ironworks in Canada, came 
over to London to see for himself what 
was being done. Ferranti, without fur- 


ther ado than giving orders, arranged 


to run the Grosvenor generators as 


motors off the Deptford generators. 
One Sunday morning, when all good 
people were supposed to be asleep and 
not in want of electric light, connec- 
tions were made so that the Grosvenor 
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was run off Deptford for this gentle- 
man’s edification. 

In the early days of the develop- 
ment of the Grosvenor, and to secure 
consumers, a retired naval officer was 
engaged to interview and canvas pri- 
vate houses in the so-called aristocratic 
areas covered by the Company’s power 
of supply. Armed with all sorts of 
arguments as to the advantages of using 
electric light in the preservation of 
valuable pictures or other objets dart 
to displace the injurious gas jet—flat 
burners belching out huge volumes of 
sulphurous fumes, as, so far, the Wels- 
bach incandescent mantle had not been 
invented—he was sent forth on his mis- 
sion. He soon came back with the 
news that no one had yet reached the 
use of gas and at every one of the 
houses he called on they were users 
of best paraffin wax candles. 

One of the difficulties of the organi- 
zation was to obtain trained staff. 
Engine drivers came from the rail- 
ways. Firemen came from marine ser- 
vice, mostly merchant, but occasionally 
from the Navy. what would 
have happened to Deptford if it had 
been “thrown to the wolves” in the 
“dark days” of the 1890’s, when disas- 
ter after disaster fell on the luckless 
Grosvenor-Deptford electric lighting 


scheme? How the d.c. men chuckled, 


how St. James and Pall Mall, West- 
minster, Chelsea, Notting Hill, ““Cromp- 
ton’s Company’’—as we called the Ken- 
sington and Knights bridge—amongst 
others added to their already long list 
of satisfied consumers and how one 
organ of the technical press seized on 
every opportunity to show how the 
“Ferranti” alternating current system 
was doomed. Even the writer’s old 
friend and ally, the late Lord Kelvin, 
wrote to him to say that h.t.d.c. trans- 
mission seemed to him to be more 
efficient and less likely to give trouble 
than h.t.a.c. at 10,000-11,000. 

Up to that time there was nothing 
in the way of switchgear design to 
resist high tension, or possible fire from 
excessive sparking—then little under- 
stood in the case of a.c. circuits. Then, 
also, we used ebonite handles with 
metal strips fastened by simple screws 
or studs, connecting bent strips of 
copper 
cables. 


soldered to rubber covered 
These led to transformer ter- 
minals fastened in with sulphur insul- 
ating solution considered sufficient for 
a good job. Ferranti then went into 
the matter and the writer assisted him 
in the first designs made for this pur- 
pose at his house in Hamstead. Switch- 
gear from these designs is in use in the 
Trafalgar Square substation today .. . 
Not bad for 50 years... 
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The Thirty-third Annual Report 


HE Thirty-third Annual Report 

of The Hydro-Electric Power 

Commission of Ontario has 

just been released and dis- 
tributed to the co-operating munici- 
palities. 

In addition to the financial state- 
ments of the Commission as called for 
by the Power Commission Act, the 
Annual Report contains balance sheets 
and operating reports of more than 290 
Hydro utilities, owned by the co-oper- 
ating urban municipalities. "Townships 
and the smaller villages are served by 
the Commission through 184 rural 
power districts. 

Although in view of war conditions 
the size of the Annual Report has been 
reduced by the elimination of certain 
interesting but not essential material, 
the valuable continuing _ statistical 
records of progress which form the 
largest section of the Report have been 
retained. : 

Dree tH. Hogs, Chairman and 
Chief Engineer, in the Introduction to 
the Report states that the past year’s 
work of The Hydro-Electric Power 
Commission of Ontario has been dom- 
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‘power for 


inated by the necessity of co-ordinat- 
ing its activities to the war effort of 
Ontario and the Dominion, so that 
for the war industries of Ontario there 
should be ample supplies of power 
available wherever and whenever 
needed. A greatly increased demand for 
industries manufacturing 
munitions and war supplies was met 
without undue difficulty. 

The collapse of France made it nec- 
essary to accelerate greatly the pace of 
Canada’s war effort and this stimulated 
demands for power. It became evident 
also that the Commission would have to 
advance its programme for additional 
supplies for the future and several plans 
were put into operation. 

Under war conditions the Commis- 
sion must plan for increased energy 
requirements in greater proportion than 
for increased demand. Not only must 
generating capacity be ample, but there 
must be sufficient additional water 
stored or available to keep this capacity 
working for longer hours. In this con- 
nection Dr. Hogg points out that the 
arrangements made in friendly co-oper- 


ation with the United States in con- 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discussion 
of “Hydro” matters and to maintain 
the co-operative spirit between muni- 
cipalities, as well as between muni- 
cipalities and the Commission. Articles 
of interest are invited for publication. 


nection with the Ogoki and Long Lake 
diversions were a valuable feature of 
the 1940 activities of the Commission. 

No serious operating difficulties were 
encountered during the year. To an 
increasing degree the generating stations 
and transmission lines of Southern 
Ontario are being reinforced by inter- 
connection. ‘This results in a pooling 
of power resources which covers the 
whole of Southern Ontario, including 
the Niagara, Georgian Bay and East- 
ern Ontario systems, and greatly re- 
duces the reserves which would other- 
wise have to be carried by the indi- 
‘vidual systems. Several local systems 
operated by independent municipalities 


and by private companies are also aided 
by being connected to the Commission’s 
large networks. 

During the past two years the aver- 
age increase in monthly primary peak 
load has been about 12 per cent per 
year, held down in the 
last months of 1940 by the extension 


but was 
of daylight-saving time. The increase 
in energy requirements has been even 
greater, and during the past year, since 
war activities got well under way, the 
total energy requirements for primary 
purposes were 19 per cent greater than 
in the preceding year and by far the 
largest output of primary energy de- 
livered by the Commission in any one 
year. 

In the Northern Ontario mining 
fields the total primary load was about 
20 per cent higher than in the previous 
year and reached about 205,000 horse- 
power. 


Dr. Hogg states that the heavy de- 
mand for additional electrical service 
during the past year has necessitated an 
amount of engineering and administra- 
tive work that is unprecedented in the 
Commission’s history. It was necessary 
not only to provide additional power 
supplies, but also to construct trans- 
mission lines and transformer stations 
for the wholesale delivery of power 
and to greatly increase distribution 
facilities throughout the Province. 


The extension of the Ear Falls de- 
velopment in northern Ontario was 
completed in June. ‘To serve the grow- 
ing demands of the Georgian Bay sys- 
tem, work was commenced on the Big 
Eddy development on the Musquash 
river. In the Eastern Ontario system 
a development at Barrett Chute on the 


Madawaska river was commenced. It 
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will have a total rated capacity of 
56,000 horsepower under a head of 
154 feet. In the Eastern section of the 
Province substantial progress was made 
on the construction of a new 220,000- 
volt line, which, when completed, will 
extend from the eastern boundary of 
the Province to a new transformer sta- 
tion being constructed at Burlington. 

The Testing and Research Labora- 
tory of the Commission is giving valu- 
able technical assistance in connection 
with the war effort of the Dominion. 

The Bulletin of January 1941 gave a 
summary of data covering loads and 
finances of the Commission for the 


period covered by the Report and 


accordingly we are not repeating them 
here. 
REVENUE OF COMMISSION 


The revenue of the Commission at 
interim rates from the municipal utili- 
ties under cost contracts, from custom- 
ers in rural power districts and from 
other customers with whom—on behalf 
of the municipalities—the Commission 
has special contracts, all within the 
Niagara, Georgian Bay, Eastern On- 
tario and Thunder Bay systems, aggre- 
gated $37,399,535.90. The revenue of 
the Commission from customers served 
by the Northern Ontario Properties, 
which are held and operated in trust 
for the Province, was $5,066,193.82, 
making a total of $42,465,729.72. 


25 YEARS’ RECORD OF PROGRESS 

In the Foreword to the Report 
several interesting diagrams covering 
the past 25 years’ record in Ontario 
well illustrate the financial stability of 
the Hydro enterprise. ‘Two of these 
showing the growth of the Hydro 
utilities of the co-operating urban muni- 
cipalities are reproduced herein. 
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MUNICIPALITIES SERVED 

At the end of 1940 the Commission 
was serving 886 municipalities in On- 
tario. This number included 26 cities, 
104 towns, 304 villages and_ police 
villages and 452 townships. With the 
exception of 14 suburban sections of 
townships known as “‘voted areas”, the 
townships and 119 of the smaller vil- 
lages are served as parts of the 184 
rural power districts. 


MonicipaL Evectric UTILITIES 

The following is a summary of the 
year’s operation of the local electric 
utilities conducted by municipalities re- 
celving power under cost contracts with 
the Commission: 
Total Revenue collected by the munici- 

pal electric utilities..............$38,025,287.44 


Cosiofanowerw ee, $23,756,863.14 
Operation, maintenance 


and administration.. 6,114,892.07 
Interest eithee a EOI 1,464,381.29 
Sinking fund and princi- 
pal payments on de- 
bemtares. ee. ea oe 2,389 ,723.60 
Depreciation and other 
HES ALES cyan Sib ete 2,644,127.10 
ARO LA eee PRN Rahs stink co Ge 36,369,987.20 
SEP 1S Meas re esencls tecisvecs cc oes $1,655,300.24 


With regard to the local Hydro utili- 
ties operating under cost contracts, the 
following statements summarize for 
each of the four co-operative systems 
administered by the Commission, the 
financial status and the year’s opera- 
tions. 


NIAGARA SYSTEM 

The total plant assets of the Niagara 
system utilities amount to $81,328,811.- 
Ol. The total assets, including an 
equity in the H-E.P.C. of $45,609,455.- 
14 aggregate $144,568,329.62. The re- 
serves and surplus accumulated in con- 
nection with the local utilities, exclu- 
sive of the equity in the H-E.P.C., 
amount to $75,337,559.11, an increase 
of $1,419,027.18 during the year 1940. 
The percentage of net debt to total 
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THe Hyoro-Ecectric Power Commission OF ONTARIO 


HYDRO UTILITIES OF CO-OPERATING URBAN MUNICIPALITIES 
TWENTY-FIVE YEARS RECORD 
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assets is 18.6, a reduction of 2.4 per 
cent. 

The total revenue of the municipal 
electric utilities served by this system 
was $30,677,444.27, an increase of 
$2,118,717.64 as compared with the 
previous year. After meeting all ex- 
penses in respect of operation, including 
interest, setting up the standard depre- 
ciation reserve amounting to $2,125,- 
698.12 and providing $2,223,707.93 for 
the retirement of instalment and sink- 
ing fund debentures, the total net sur- 
plus for the year for the municipal 
electric utilities served by the Niagara 
system amounted to $1,280,866.74, as 
compared with $661,463.52 in the pre- 


vious year. 


GEORGIAN BAy SYSTEM 


The total plant assets of the Georgian 
Bay system utilities amount to $3,026,- 
575.25. The total assets, including an 
equity in the H-E.P.C. of $1,697,365.- 
75 aggregate $5,284,015.09. -The re- 
serves and surplus accumulated in con- 
nection with the local utilities, exclu- 
sive of the equity in H-E.P.C., amount 
to $3,192,112.33, an increase of $60,- 
939.285 during the year 1940> “the 
percentage of the net debt to total 
assets is -11.0,eaereduction. of 0.9" per 
cent. 

The total revenue of the municipal 
electric utilities served by this system 
- was $1,330,359.48, an increase of $6/,- 
474.96 as compared with the previous 
year. After meeting all expense in 
respect to operation, including interest, 
setting up the standard depreciation 
reserve amounting to $95,072.85 and 
providing $45,099.86 for the retirement 
of instalment and sinking fund deben- 
tures, the total net loss for the year for 
the municipal electric utilities served 


by the Georgian Bay system amounted 
to $18,182.98 as compared with a loss 
of $26,897.01 the previous year. 


EASTERN ONTARIO SYSTEM 


The total plant assets of the Eastern 
Ontario system utilities amount to 
$9,392,825.41. The total assets includ- 
ing an equity in the H-E.P.C. of 
$2,440,518.23, aggregate $14,640,965.- 
26. The reserves and surplus accumu- 
lated in connection with the local utili- 
ties, exclusive of the equity in H-E.P.C., 
amount to $10,243,898.36, an increase 
of $642,560.31 during the year 1940. 
The percentage of net debt to total 
assets (1s) 9i/, a SreGUuCLION On 1. er 
Cent. 

The total revenue of the municipal 
electric utilities served by this system 
was $4,051,036.67, an increase of $294,- 
312.10 as compared with the previous 
year. After meeting all expenses in 
respect to operation, including interest, 
setting up the standard depreciation re- 
serve amounting to $254,994.50 and 
providing $101,843.09 for the retire- 
ment of instalment and sinking fund de- 
bentures, the total net surplus for the 
year for the municipal electric utilities 
served by the Eastern Ontario system 
amounted to $290,513.86 as compared 
with $162,451.40 the previous year. 


THUNDER BAy SySTEM 


The total plant assets of the Thunder 
Bay system utilities amount to $2,887,- 
304.27. The total assets, including an 
equity in the H-E.P.C. of $2,710,337.- 
64, aggregate $6,535,501.20. The re- 
serves and surplus accumulated in con- 
nection with the local utilities, exclu- 
sive of the equity in H-E.P.C., amount 
to $3,341,359.07, an increase of $55,- 
896.33 during the year 1940. The per- 
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centage of net debt to total assets is 
9.6 a decrease of 0.2 per cent. 

The total revenue of the municipal 
electric utilities served by this system 
was $1,336,533.62, an increase of $97,- 
291.79 as compared with the previous 
year. After meeting all expenses in 
respect of operation, including interest, 
setting up the standard depreciation 


reserve amounting to $48,060.93 and 
providing $9,273.30 for the retirement 
of instalment and sinking fund deben- 
tures, the total net loss for the year 
for the municipal electric utilities served 
by the Thunder Bay system amounted 
to $21,400.66, as compared with a net 
loss of $11,352.00 for the previous 
year. 


The Blackout 


UCH has been 
aroused among utility en- 
gineers in the practice 
blackout held in the Tor- 

onto area on June 18th, 1941. Not 

only was the blackout extremely effec- 
tive, it having been estimated by those 
familiar with actual war-time condi- 
tions that Toronto was more effec- 
tively blacked-out than has been the 
practice in England. But an oppor- 
tunity has been given to study the 
magnitude of the load-change occur- 
ring under conditions typical of North 
American cities. 


The area which was affected by the 
blackout included not only the city of 
Toronto but also the surrounding sub- 
urbs of Leaside, Forest Hill, Weston, 
Mimico, New Toronto, Long Branch, 
Port Credit and Swansea, and Etobi- 
coke, East York and Scarboro town- 
ships. These municipalities and dis- 
tricts are within the Toronto Regional 
Civilian Defense Committee (C.D.C.) 
Area No. 9. 

The blackout was ordered to take 
place strom 10:30 p.m: to 10:45 p.m. 
dis.t., signals being given by fog-horns, 
fire-reel sirens, and in some instances by 


interest 
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in Toronto 


whistles. ‘Three signals were given as 


follows: 


1. Alert Signal, 10:20—10:22 p.m. 
2. Warning Signal, 10:28—10:30 
japon 
3. All Clear Signal, 10:45—10:47 
p.m. | 


The results of the blackout on the 
load curve of the Toronto Hydro- 
Electric System are of particular inter- 
est. Load began to fall away from 
normal about a half an hour before 
the warning signal was given. From 
an initial value of 170,000 kw. it fell 
to 160,000 kw. at 10:15; and at 10:30, 
when the warning signal ceased sound- 
ing, it was down to 69,500 kw., at 
which level it stayed for the fifteen 
minute period of the blackout. At 
10:45 it increased sharply to reach a 
value of 163,000 kw. This value is 
estimated to have somewhat 
greater than normal for the time of 
night. The decrease of 100,500 kw. 
gives only an approximation of the 
combined lighting and transportation 
loads carried by the System at the time 
of the blackout, customers in a num- 
ber of cases having blacked out their 
establishments by dropping the whole 


been 
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Toronto load curve during blackout period June 18, 1941. 


> 


of their power load as well as light- 
ing. 

The foregoing load values refer only 
to that portion of the total district 
load within city limits proper. 

The majority of the street-lighting 


circuits within the city limits of Tor- 
onto are fed from primary circuits 
separate from the commercial and do- 
mestic supply, and are controlled by 
separate breakers located in either 
manually operated or supervised sta- 
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A number of the downtown 
pillar lights and certain of the out- 
lying feeders are supplied from adja- 
cent twenty-four hour circuits through 
contactors energized from the nearest 
street-lighting circuit under manual 
control. Centralized control and the 
absence of photo-electric devices con- 
trolling local and restricted areas thus 
made it a simple matter to blackout 
street lights while maintaining other 
circuits alive. Only a few of the pillar 
lights and the lighting in several sub- 
ways had to be patrolled and turned 
off by hand before the zero hour. 


tions. 


The Exhibition authorities co-oper- 
ated with the System and turned off 
such of the lighting in the exhibition 
grounds as was not supplied directly 
from system feeders. | 

The supply to many illuminated com- 
mercial signs and bill boards is con- 
trolled by contactors energized off 
street-lighting circuits. The problem of 
their extinguishment was thus simpli- 
fied for their owners. 

All street lighting circuits were dis- 
connected for the period 10:30 to 
10:45 p.m. This was done on the 
exact minute according to clocks set 
by Toronto Police Department Switch- 
board time. 


Certain essential lighting services had 
to be maintained in System premises. 
In attended stations all exterior light- 
ing was extinguished and interior light- 
ing was reduced to the minimum neces- 
sary for the carrying out of routine and 
emergency switching operations. Else- 
where, in unattended substations, sys- 
tem offices, shops, and _ stores, all 
exterior and interior lighting was 
extinguished prior to or at the sounding 
of the warning signal. 
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In the head-office building lighting 
had to be provided for the load and 
trouble dispatch offices and the tele- 
phone switchboard. The existing emer- 
gency direct-current service to these 
rooms and for corridors and elevators 
was made use of. Where venetian 
blinds were installed these were turned 
so as to screen off all light from view 
from above; elsewhere opaque blinds 
were used, or the lighting was discon- 
nected. 

Attendants were stationed in all nor- 
mally unattended stations during the 
period of the blackout. 

The city police stopped all traffic 
for the period of the interruption except 
for fire reels and police cars, ambu- 
lances, and doctors’ cars, and the 
trouble service vehicles of the utilities. 
While the System’s trouble men had 
the right under this arrangement to 
travel during the period of the black- 
out, blue crepe paper was placed over 
the headlights as a means of identifica- 
tion and more closely to simulate war 
conditions. 


CS ORD RE GE 


Tue EFFECT OF THE “BLACKOUT” ON 
June 18TH, 1941, on THE HicH 
TENSION MunicrpAL LoAD OF 
THE H.E.P.C. 


The high tension municipal load 
comprises the majority of the municipal 
and rural supply in the Commission’s 
Niagara system. It does not include 
the municipal and industrial loads sup- 
plied by the Commission in the Niagara 
peninsula, chiefly that area lying be- 
tween the Niagara river and the Wel- 
land Ship Canal. The area which 
was affected by the “Blackout” included 
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H..E.P.C’. of Ontario high tension muni- 
cipal load during blackout period at 
Hamilton and Toronto, June’ 18;°1941. 


the city of Toronto and surrounding 
suburbs and the city of Hamilton. 

The high tension municipal load 
rises to a peak condition at 10:00 p.m. 
ds.t. On the four days, two days 
preceding and two days following the 
“Blackout”, the average value at 10.00 
p.m. was 540,000 kw., while on the 
day of the “Blackout” it reached a 
maximum for the night load of 510,000 
kw. From this level the load receded 
faster than normal, reaching a value 
five minutes before the “Blackout” was 
scheduled to start of 428,000 kw. from 
which point it dropped to 365,000 kw. 
at 10:30 p.m. and remained at approxi- 
mately this value during the period of 
“Blackout”. At 11:00 p.m. the load 
returned to approximately normai 
value. 


Barrett Chute development, Madawaska river. The chute on the Madawaska 
from which the development derives its name. 


VOL. XXVIII. No 7 


THE BULLETIN 


211 


TH THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO TIINIIUIIIIIUEIIII 


Donation to the British War 


Victims’ Fund 
URING March of this year 


the Field Branch of the 

Ontario Hydro-Electric Club 

organized a committee for 
the purpose of conducting a campaign 
to collect funds to be contributed to 
the British War Victims’ Relief 
through the Toronto Evening Tele- 
gram. As a result of this effort contri- 
butions totalling $2,563.52 were re- 
ceived from the Hydro field staff, and 
on Tuesday, July 28th a cheque for 
that amount was presented to a repre- 
sentative of the Toronto Evening Tele- 
gram. ‘The presentation was made at 
_ the Hydro head office by Dr. Thomas 
H. Hogg, Chairman of the Commis- 


sion. 
ee Sear 5 


Dundas, 
July 25th, 
Dr. Thomas H. Hogg, 
Chairman Hydro-Electric Power Com- 
mission of Ontario, 
620 University Avenue, 
Toronto. 


Ontario, 


1941; 


Dear Sir:— 
With the permission of your Depart- 


JULY, 1941 


ment Heads the following Committee 
of your employees was formed to solicit 
subscriptions for the British War Vic- 
tims’ Relief Fund from all employees 
of the Hydro Electric Power Commis- 
sion of Ontario not participating in the 
Head Office War Charities Effort. 

Chairman, W. H. Mills, Operating 
Dept. 

Sec.-Treas., Miss A. M. Waring, 
Panes Vice. Dept. 

Directors, Wm. Nattress, Rural Dept., 
eae Lowe!llnstn. Mice. Dept. Ll. “A: 
Catchpole, Stn. Const. Dept., I. Ritchie, 
Line Const. Dept. 

The Toronto Office Hydro-Electric 
Club graciously agreed to act as banker 
for our fund and permitted us to oper- 
ate under their charter, incorporating 
our Committee as a subsidiary of their 
Club. 

Your Department Heads gave us 
their whole-hearted co-operation. This, 
together with the loyal support of your 
field staff, resulted in the collection of 
$2,563.52 which we have the honour 
to ask you to present to the victims 
of Hun brutality in the British Isles 
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through the Toronto Evening Telegram 
British War Victims’ Fund. 


Yours truly, 


(Sed.) W. H. Mills, 


Chairman. 


a Se RS eS 


oly 29th Loe 
C. A. Knowles, Esq., 
Managing Editor, 
The Toronto Evening Telegram, 
Toronto, Ontario. 


British War Victims’ Fund 


Dear Sir:— 

The Field Employees of The Hydro- 
Electric Power Commission of Ontario 
are happy to avail ourselves of your 
Fund for the transmission of this smali 
token of our appreciation and esteem 
of our kin in the British Isles for their 
glorious example of unfaltering courage 
in the face of Hun outrages. 

These valiant people have set a 
standard of heroism which all peace 
loving people will be proud and happy 
to bequeath as a sacred heritage to 
future generations. Our debt to them 
is beyond human calculation. 

Realizing this, we, with deep humil- 
ity, offer this assistance in their distress 
and pray that we Canadians will ever 
be alive to our duty and privilege in 
this our obligation. 


Yours sincerely, 


(Sed.) W. H. Mills, 
Chairman, 
Field Employees’ Committee 
British War Victims’ Fund. 


F.N. LEAVENS, 
Bolton 
On Saturday, July 5th, 1941, Frank 


Nealon Leavens, secretary and com- 
of Bolton Hydro-Electric 
Commission passed away suddenly in 
his seventieth year. 


missioner 


Mr. Leavens was born in Pickering 
and went to Bolton fifty-two years ago. 
For the past fifty years he has been 
owner and publisher of the Bolton 
Enterprise, an Ontario weekly news- 
paper. He was active in civic and 
business accomplishments, having or- 
ganized the Bolton Telephone Com- 
pany, 
ever since, latterly as manager. 
was also a director of the 


with which he was associated 
He 
Ontario 
Independent Telephone Association. 

He served for many years in muni- 
cipal office and was reeve for three 
years. It was during his term as 
reeve, 1914, that Bolton entered into 
a contract for a supply of power from 
The Hydro-Electric Power Commission 
of Ontario. Delivery was made early 
in 1915... In/ 19305 My: ‘heavensewas 
appointed secretary of the Bolton 
Hydro-Electric Commission, and has 
performed the duties of that office con- 
tinuously until his death. The respect 
with which he was held by the people 
of Bolton was also reflected in his 
dealings with the Commission, of which 
he was a strong supporter. Those who 
associated with him always found 
him very likable and ready to co- 
operate in any way which would bene- 
fit the users of Hydro. 
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The 220,000 Volt System of the 


Hydro-Electric Power Commission 
of Ontario—II 


By A. H. Frampton, Assistant Electrical Engineer, and E. M. Wocad, 
Planning Engineer, H.E.P.C. of Ontario 


T the Summer Convention of 
thei nstitute in. 1930; E> “Foy: 
Brandon presented a _ paper 
under this same title,t describ- 

ing the design of the initial components 
of this system, which had then been in 
operation approximately one and one- 
half years. At that time, one and one- 
half circuits, having a combined length 
of 350 miles, were in service, trans- 
mitting approximately 110,000 kw. to 
a receiving terminal station in the Tor- 
onto area of 180,000 kv-a. capacity. 
At the present time, the Commission is 
operating a total of 1,000 miles of 
single-circuit 220,000 volt construction, 
with one receiving terminal of 420,000 
kv-a. rated capacity and is placing 
into service immediately 45 miles of 
double-circuit construction and a second 
receiving terminal of 150,000 kv-a. 
capacity. _ 

This paper presents a brief history 
of the development of the system and 
places on record the experience gained 
in 8,400 circuit-mile-years of operation 
of the transmission circuits. Data are 
presented regarding lightning outages 
and the behaviour of the circuits under 
sleet and conductor vibration. 


These data are then used to indicate 
the reasons for certain revisions made 
in the design of new single-circuit con- 
struction carried out during 1940-41, 


Paper present +d to the American Institute of Elec- 
trical Engineers at Toronto, June 19, 1941. 


JULY, 1941 


and to indicate the factors that influ- 
enced the design of a new 45 mile 
double-circuit extension. The paper 
concludes with a discussion of the relay 
protection system and the improve- 
ments now being incorporated therein. 


GENERAL SYSTEM ARRANGEMENT 

The 220,000 volt system under dis- 
cussion forms part of the Commission’s 
25 cycle Niagara system, Fig. 1, which 
supplies a highly developed area of 
some 12,000 square miles in the penin- 
sula formed by lakes Huron, Erie and 
Ontario. This system distributes power 
over approximately 1,350 miles of 110,- 
000 volt lines. The total primary load, 
which equalled 710,000 kw. in Decem- 
ber 1929, reached nearly 1,125,000 kw. 
in December 1940. 

This 220 kv. system has been the 
channel over which all growth of load 
in the Niagara system has been supplied 
since 1928, from generating sources 
largely in the neighbouring province of 
Quebec. An initial 60,000 kw. was 
transmitted over the first circuit in 
October 1928, increasing to 515,000 kw. 
transmitted over three such circuits in 
December 1940. 

Until this summer, this supply has 
been delivered at the Leaside receiving 
terminal, adjacent to the city of Tor- 
onto, which it will be noted lies at the 
easterly extremity of the main 110,000 
volt system. This fact has in itself 
created problems of distribution, the 
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solution of which will be materially 
aided by the placing in service of the 
new terminal shown at Burlington. 


DEVELOPMENT OF 220,000 VoLT 
SYSTEM 

The 220,000 volt system was initially 
conceived as a two-circuit system, with 
a mid-point interswitching station, 
transmitting some 200,000 kw. pur- 
chased under contract from the Gatin- 
eau Power Company, from that com- 
pany’s Paugan Development some 230 
miles east of Toronto. Later contractual 
undertakings and the construction of 
the Chats Falls development on the 


Ottawa river, brought the total capacity | 


available from eastern sources. to 


approximately 615,000 kw. 


The third 220 kv. circuit was nes 


structed in 1931, when the Chats Falls 
development was first brought into ser- 
vice. The connection shown from Beau- 
harnois to MacLaren to Chats Falls 
was built during the depression years, 
to deliver the power which became 
available from the former sources to 
Chats Falls for transmission over the 
three-circuit system. This was an expe- 
dient, adopted as the most economical 
means of effecting this delivery, fol- 
lowing an analysis of the transmission 
capacity of these three circuits in the 
light of the then existing knowleage 
of stability problems. This analysis 
indicated that, even without a mid- 
point interswitching station, the depend- 
able capacity of these circuits, given 
proper fault clearance times, could be 
increased from an earlier rating of 
330,000 kw. to approximately 450,000 
kw. 

The terminal capacity at Leaside has 
been increased progressively, by the 
addition of four 45,000 kv-a. banks, 


JuLty, 1941 


duplicate of the two banks originally 
installed, and two 75,000 kv-a. banks, 
making a total installed rating of 420,- 


000 kv-a. 


Until the outbreak of hostilities in 
September 1939, it was planned that 
this system would need to be extended 
for service in the fall of 1942. The 
outbreak of hostilities, however, brought 
the expectation of rapidly accelerated 
power demands and the construction of 
a fourth circuit from the Beauharnois 
development of the Beauharnois Light, 
Heat and Power Company, in the Que- 
bec section of the St. Lawrence river, 
was immediately undertaken. The selec- 
tion of a westerly terminus for that 


line presented a problem upon which 


considerable time and study has been 
expended. 


The Leaside terminal, being located 
in the metropolitan area of the city of 
Toronto, in which approximately 40 
per cent of the total primary demand 
of the Niagara system occurs, provided 
a convenient point of distribution for 
the power delivered during the build- 
ing-up_years.. In later years, however, 
Leaside has been expanded . beyond 
the capacity originally contemplated, 
so as to make the most efficient use of 
the transmission system, thereby creat- 
ing an increasing distribution problem. 

Furthermore, as is obviously desir- 
able, the power transmitted over this 
system was purchased under contracts 
which require high load-factor deliver- 
ies, much higher, in. fact, than the 
load-factor of the demands within the 
immediate vicinity of the receiving ter- 
minal. 

For these reasons it has been neces- 
sary to distribute from Leaside, to grad- 
ually increasing distances, power and 
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Fig. 2—Burlington 220 kv. receiving terminal. Proposed ultimate diagram for 


s1x-220 kv. 


installation in heavy lines. 


energy delivered in excess of the Tor- 
onto area demands. This distribution 
distance increases and decreases daily, 
with the variations of local demand, 
and is considerably greater in the sum- 
mer than in the winter. During recent 
summer months power generated 250 
miles east of Toronto has actually been 
delivered to the immediate vicinity of 
Niagara Falls. 

It had been planned that the second 
220 kv. terminal would also be in the 
Toronto area, but on its westerly out- 
skirts. Further study, in the light of 
the increased capacity of Leaside, has 
resulted in the new terminal being 
located at Burlington, some thirty miles 
At that point the new 
station is adjacent to the rapidly ex- 


west of Toronto. 


circuits and six-75,000 kuv-a. 


transformer banks. 


Initial (1941) 


panding load area of the city of Ham- 
ilton and also is situated where a num- 
ber of existing 110 kv. circuits intersect. 

This new terminal is supplied by 
diverting to it the shortest of the exist- 
ing 220 kv. circuits, namely, one origin- 
ating at the Chats Falls Development, 
thus holding the longer Beauharnois 
circuit to its minimum length by ter- 
minating it at Leaside. In addition, a 
220 kv. tie-circuit between Burlington 
and Leaside is provided, interconnect- 
ing the 220 kv. lines so that they oper- 
ate as a four-circuit system. These two 
circuits are carried around the metro- 
politan area of Toronto and to Burling- 
ton on double-circuit structures, the 
first of such construction adopted by 
the Commission. 
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Fig. 3—(a) Outline of original single-circuit 220 kv. tower showing major 


dimensions and shielding angles. 


(b) Corresponding outline of revised 1940 tower. 


The Burlington transformer station 
is being constructed on a sixty-acre site, 
designed to accommodate ultimately six 
banks of three-25,000 kv-a., single 
phase, 220/110/13.2 kv., forced air- 
cooled transformers. ‘Two banks total- 
ling 150,000 kv-a. are being installed 
initially. A schematic diagram of the 
proposed ultimate station is shown in 
Fig. 2, on which the initial installation 
is indicated in heavy full lines. The 
addition of a third bank at this station 
will complete the existing phase of 
development, providing for the deliv- 
ery of some 675,000 kw. over the four 
220 kv. circuits. Beyond that point 
further delivery at Burlington will de- 
pend upon the development of new 
power resources, as for example, upon 
the Ottawa or St. Lawrence rivers. 
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SUMMARY OF OPERATING EXPERIENCE 


The first of these 220 kv. circuits 
was placed in service on October Ist, 
1928, since when a total of 560 circuit- 
miles has been added, making a total of 
790 circuit-miles in service as of March 
31st, 1941. Of this mileage some 85 
circuit-miles are not actually operated 
by the Commission, being located in 
the province of Quebec, but are in- 
cluded in the following record. The 
whole of this construction in general 
conforms to the designs described in the 
earlier paper, the standard suspension 
tower being shown in Fig. 3 (a). 

In approximately 
8,400 circuit-miles-years of operating 
experience has been secured and a 
total of 111 faults due to all causes 
have been experienced. Of these, four 


thirteen years, 
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TABLE I 


LIGHTNING OUTAGE RECORD 


Classified according to the type of fault. 


Involving one wire and ground .............. 
Involving two wires and ground .......... 
Involving sthree- Witesiee steer eae 


Total 


Involving one circuit only 


Involving two circuits simultaneously .... 


Involving three circuits simultaneously 


Total outages due to lightning 


were occasioned by various construc- 
tion hazards in the early years and 
eight were due to miscellaneous causes, 
chiefly external interference. Each of 
these faults involved only one wire and 
ground and, except in the period when 
only one circuit was in service, created 


no serious disturbance. It is of interest 


to discuss the salient features arising’ »: 


out of the remainder of this extensive 
operating record. 
(a) Lightning 

Of the remaining 99 faults experi- 
enced in this period, 97 are attributed 
to lightning, equal to an average of 
1.15 lightning outages per 100-circuit- 
milés ‘per’ year, in a territory in which 
the thunderstorm frequency is between 
thirty-five and forty storms per year. 
The classification of these’ ‘lightning 
faults as to single-wire-to-ground, two- 
wire-to-ground and three-wire and as 
to those involving one, two or three 
circuits is given in Table I. The fre- 
quency of occurrence of such faults has 
varied tremendously; for example, three 
outages have been experienced within 
ten minutes; on another occasion, four 
within an hour and again five in one 
day and yet one period of eighteen 
months passed without a single outage. 

These averaged data do not give a 


eee eee wees eeense ee esesseeeeseeseseseesens 
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Se ehh Sin ee 56 59% 
ane ae ee ria 25 26% 
Pee Me A 14 15% 
(ic eee eee 95 100% 
Pmt: Sewer ey Sout 95 98% 
Spe Sa ie ae 1 1% 
ie (Romena atin Site 1 1% 
ig eS Pn ur ee 97 100% 


complete picture of the performance 
of, these, circuits. = ine threes nats 
Falls-Leaside circuits are constructed 
over terrain varying from rich farm 
land to rocky undeveloped bush coun- 
try. The latter section, which extends 
almost continuously for a distance of 
about 90 miles, is characterized by sur- 
face. .rock formations with pockets of 
muskeg: in the rock depressions. Towers 
are frequently erected on the rock out- 
crops. Low footing resistances are, 
therefore, difficult to obtain. In Fig. 
4 an approximate footing-resistance 
profile for the Chats Falls-Leaside sec- 
tion is given, as compared to the known 
location of 70 of a total of 89 outages 
in this section attributed to lightning. 
It will be seen that some 90 per cent 


‘of the located lightning outages occured 


in the section of high footing resistance. 


In Table II is presented an attempt 
to co-relate the lightning outage record 
with footing resistance. The data’ are 
presented first for the 70 located faults 
in the Chats Falls-Leaside section and 
then for all 97 faults, based on locations 
for those not traced, as estimated from 
relay target and oscillograph records. 
It will be observed that, in the terri- 
tory where footing resistances are con- 
sidered to be below 25 ohms, the 
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Fig. 4—Approximate footing resistance profile of three-220 kv. circuits, Chats 
Falls to Leaside, showing grouping of 70 located lightning outages. 


TABLE II 


LIGHTNING OuTAGE RECORD 


Classified according to tower footing resistance. 


(a) For 70 located faults on the Leaside-Chats Falls Circuits. 


Average Tower Nee f Circuit-Mile- Outages per 
Footing Resistance en Sapir. Years of 100 Circuit- 
—Ohms Dees Operation Mile-Years 
Under 25 3 2150 0.14 
25-50 6 1,950 0.31 
50-200 16 2,000 0.8 
Above 200 a5 1,100 4.1 
70 7,200 0.97 
(b) For all outages due to lightning. 
Average Tower Circuit-Mile- Outages per 
Petey Reatcance Number of Years of 100 Circuit- 
—Ohms Outages Operation Mile-Years 
Under 25 D 2,600 0.19 
25-50 2 2,200 0.41 
50-200, 27 2,900 1.08 
Over 200 56 1,100 Hel 
o7 8,400 bis 
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actual outage record approximates 0.2 
outages per 100-circuit-miles per year. 


Reference to Fig. 3 (a) shows that 
the tower design in these lines provides 
a shielding angle of 42 degrees and a 
ratio of “height of ground wire above 
power conductor to total height of 
ground wire” of 0.182. The experi- 
mental results of Wagner, McCann 
and MacLane? and the data _pre- 
sented by Waldorf?* indicate 
that good lightning performance could 
be expected and the record proves, that 
given low footing resistances, such has 
been the case. 


would 


Some crowfoot counterpoise work 
was done in the rock section along 
these three circuits during 1934-35. 
Short sections of highest footing resist- 
ance were so treated, with some success 
in lowering the measured values, but 
presumably the distances the crowfoot 
wires were carried to reach good 
grounds were too great to secure any 


considerable benefit. 


(b) Mechanical—Sleet and Wind 


In the southern part of the province 
of Ontario sleet storms of varying in- 
tensity may be anticipated both in the 
early and late winter seasons. Decem- 
ber and March are the two worst 
months, though infrequently sleet may 
occur in any month from November 
to April. Storms have been experi- 
enced which have disrupted communi- 
cation circuits and taken down wood 
pole construction. The phenomenon 
of “galloping conductors” has been 
observed, at not infrequent intervals, 
on various sizes and spans of conduc- 
tors up to 605,000 cir. mils, a.c.s.r. at 
a span of 880 feet. Consideration must 


therefore be given to sleet conditions for 


all lines designed or constructed in this 
territory. 


Two outages in the period under 
review are attributed directly to sleet, 
and these, incidentally, occurred within 
a few minutes of one another. Heavy 
sleet had formed on both power con- 
ductors and ground cables on certain 
hill tops, but only lightly on an inter- 
vening long valley span. As a result, 
the power conductors in the long span 
were pulled up by the unbalanced load- 
ing on the two sides of the adjacent 
suspension insulation, so that the 
ground cables, sagged to their normal 
loaded positions, appeared below the 
plane of the power conductors at mid- 
span. Two flashovers occurred, the 
second of which burned down a ground. 
cable, resulting, on account of inaccessi-- 
bility, in 27-circuit-hours of outage. In 
two other similar cases, a condition of 
unbalanced sleet loading was set-up, 
greatly increasing the sag of the ground. 
cables without compensating sag of the 
power conductors, resulting in inade- 
quate clearances. Fortunately, in these 
cases, the conductors were not disturbed. 
by wind. 


(c) Mechanical—Vibration 


At the time of the construction of 
the first of these circuits (1927-28), the 
then relatively recent adoption of much. 
longer spans and higher conductor ten- 
sions had brought the problem of con-- 
ductor vibration strongly to the atten- 
tion of transmission engineers. Reme- 
dial or palliative measures were as yet: 
under investigation. In the original 
design this problem was recognized by 
providing, at suspension points, a rein-. 
forcement consisting of a 6-foot length. 
of the conductor fastened at its outer 
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Fig. 5—(a) Conductor reinforcement on first (1927-28) construction. 
(6) Torsional-type vibration absorber provided on one-half 1940-41 
single-circuit construction; Stockbridge damper provided on remainder of such: 


construction. 


(c) Ground cable festoon used on 1940-41 construction. 


extremities and supported above the 
main conductor in a _ double-seated 
suspension clamp, Fig. 5 (a). In the 
second and third circuits this form of 
reinforcement was replaced by the 
standard armour rods. 

Each of these circuits was designed 
for a maximum conductor tension, at 
4 inch ice, 8 pound wind and 32 
deg. fahr., of 10,000 pounds, conduc- 
hors being 795,000 ‘cir.’ mils, a.c.s-r- 
having an ultimate strength of 28,500 
pounds. This represents a maximum 
tension of 35 per cent of ultimate and 
also represents a tension at 60 deg. 
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fahr. of 16 per cent of ultimate. These 
figures will be recognized as indicating” 
a design in which conductor fatigue 
due to vibration might be anticipated. 

Actually a considerable record of 
vibration has accumulated in opera- 
tion, though nothing approaching a. 
serious condition has been observed to. 
date. Quite early a loosening of tower 
members was experienced, but this was 
remedied by the use of locknuts or 
their equivalent at all one and two- 
bolt positions. Careful periodic exam- 
ination of the conductors has revealed’ 
a few broken strands though such dam-- 


Pee 


THE BULLETIN 


HHMI THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO MIIIITIIIIIIUIIHITITUIITH 


age does not indicate the need for any 
further palliative measures for some 
years. 


REVISIONS IN DEsIGN INCORPORATED IN 
THE 1940-41 SINGLE-CircuIT 
CONSTRUCTION 

The recent extensive additions to this 
system were naturally not undertaken 
without re-consideration of the various 
design factors in the light of the experi- 
ence enumerated above. It is of inter- 
est therefore to review such revisions 
as were made and to discuss the reasons 
associated therewith. The discussion is 
perhaps best arranged under the pre- 
vious headings, though it is difficult to 
separate those adopted for improved 
lightning design from those which 
aimed at improvement in the mech- 
anical performance. 

(a) Lightning 

The record indicates that good light- 
ning performance can be expected of 
the original single-circuit tower, so long 
as footing resistances are kept sufh- 
ciently low. Perhaps, therefore, no 
change would have been made in the 
tower design were this the only factor, 
but as it was decided to raise the ground 
cables primarily for sleet operation, this 
revision may also be taken as improving 
the expectation of good lightning per- 
formance. 

As illustrated in Fig. 3 (b), the two 
ground cables were raised eight feet 
above their original location, to a point 
of support 21 feet above the point of 
support of the power conductor in the 
suspension tower. This has had the 
result of decreasing the shielding angle 
to 29 degrees, while increasing the 
ratio of “height of ground cable above 
power conductors to total height of 
ground cable” to 0.263. 


Measurements made by the meg- 
earth tester shortly after tower erection 
indicated that, in the earth sections, 


after consolidation of the _ back-fill, 
tower footing resistances generally 
would not exceed 15 ohms. In these 


sections, no treatment beyond the occa- 
sional crowfoot is contemplated. In 
the rock section, it was decided to lay 
a continuous counterpoise, consisting of 
5/16 inch steel conductors available in 
salvage stores. These cables are in 
general buried to an average depth of 
18 inches under the outer phase wires. 
Occasionally, however, they are taken 
around rock outcrops, when by so doing 
they could be buried, and, in isolated 
cases, are actually carried over the top 
of the rock. The performance of this 
new circuit will be carefully compared 
to that of the existing circuits as such 
performance largely _ dictate 
whether counterpoise should be added 
to the older construction. 


(b) Mechanical—Sleet and Wind 
Our experience would seem to indi- 


will 


cate that, under the operating condi- 
tions existing, sleet is more liable to 
form on the ground cables than on the 
power conductors and under such con- 
ditions, the vertical separation provided 
between ground cables and power con- 
ductors has proven insufficient. A. E. 
Davison, Transmission Engineer for the 
Commission, has actively studied this 
problem of conductor clearances. These 
studies are based on Lissajous figures* 
and the locus of motion of the con- 
ductor under “galloping” conditions is 
taken as the criterion. The axes of 
this motion have been determined em- 
perically from recorded field observa- 
tions and from analyses of motion pic- 
ture records of a number of actual 
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occurrences. 
approximately delineate the various 
loci. A tower design in which these 
approximate loci indicate adequate 
clearance between all conductors is 
considered much more satisfactory than 


one in which overlapping loci occur. | 


However, the extent to which this 
method should be applied to heavy 
conductor, long-span construction is 
still somewhat of an open question, 
being largely based on the behaviour of 
smaller conductors and shorter span 
construction than is involved in this 
case. 
indicating that 795,000 cir. mils, a.c.s.r. 
at 1056 feet spans will “gallop” at all, 
and even if it does, whether it will be 


No conclusive data are available 


in one continuous loop between the 
points of support or in something of a 
wave motion raising not more than one- 
half the span above its normal position 
at one time (that is, in half-loops). 
Oldacre and Wollaston’, in describing 
the Powerton-Crawford line, illustrated 
the use of Lissajous figures and assumed 
the movement of the conductor in one 
loop. 7 

In our case, however, a substantial 
mileage of towers was available in 
stock and much quicker deliveries could 
be obtained if the basic original design 
was not changed. This design was based 
on a longitudinal loading equivalent 
to Y% inch ice and 8 pound wind, but 
with the transverse loading increased 
to 34.inch and 11 pound wind, the 
latter increase an added factor of safety 
since considered unnecessary. It was 
decided that part of this excess strength 
could be utilized to provide greater 
vertical separation between ground 
cables and power conductors, though 
in designing this improvement it was 
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It is possible to at leastconsidered sufficient to assume move- 


ment of the conductors in half-loops. 
only. It will be noted in Fig. 6 (a) 
that the re-design has removed the loci 
of motion of the ground cables from 
those of the phase conductors, providing 
adequate clearances under the assumed’ 
conditions. The ice-loaded mid-span. 
position of the ground cable at rest, as. 
compared to the corresponding position. 
of the unloaded phase conductor, is. 
also shown, indicating the maintenance: 
of substantial clearances even with a. 
34 in. ice differential. 


(c) Mechanical—Vibration 

The balance of the excess strength in 
the original tower design has been. 
utilized to increase the ruling span 
from 1056 feet to 1150 feet. In order: 
to maintain the same ground clearance 
at this longer span, the higher strength. 
26x7~ strand, 795,000 cir, mils., a.c.sir:. 
has been used, strung to a maximum 
designed tension of 12,000 pounds. 
Based on an ultimate strength of 30,900: 
pounds, the designed maximum and 
“60 degree” tensions therefore approxi- 
mate 39 per cent and 17.6 per cent of 
ultimate strength respectively. 


The lengthening of the span in the 
new circuit was based partly upon the- 
vibration record of the existing circuits. 
and partly upon the favourable results 
obtained, fromm:.an extensive laboratory— 
and field investigation:.of damper de- 
sign and performance.® It is felt that 
the development in this field now safely 
permits securing the economy inherent 
in longer spans and higher conductor- 
The full possibilities in this. 
connection were not realized in this 
case, due to the decision to retain the- 
basic original tower design, but had a 
completely new design been permitted... 


tensions. 
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Fig. 6—(a) Clearance diagram (Lissajous figures) for 1940-41 single circuit 
construction. Loct based on half-loops, t.e., movement of quarter-point in suspen- 
ston span. Note also mid-span positions of 34 in. ice-loaded ground cable and 


unloaded phase conductor. , 


(b) Corresponding diagram for 1941 double-circuit construction. Note 
full loop movement of ground wires assumed at 880 ft. span. 


spans as great as those encountered in 
some other recent construction would 
have been given serious consideration. 

Associated with this increased span 
length the application of vibration 
absorbers was decided upon, rather than 
the 


previously used armour 


rods. 


Approximately one-half the line is 
equipped with the Stockbridge damper 
and one-half with the torsional damper, 
Fig. 5 (b), developed in the Commis- 
sion’s laboratory and described in a 
companion paper by G. B. Tebo.® Both 
dampers are used singly, that is, two 
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per span. Vibration of the ground 
wires is protected against by the use 


of festoons, Fig. 5 (c). 


DouBLE CIRCUIT CONSTRUCTION 
LEASIDE TO BURLINGTON 


In considering the two-circuit exten- 
sion of these 220 kv. lines, from the 
existing terminal at Leaside to the new 
terminal at Burlington, a number of 
factors were brought into consideration. 
Single-circuit construction was initially 
considered, the Commission not having 
previously operated any double-circuit 
construction at 220 kv. In fact, there 
had been evident in the Commission’s 
engineering a tendency to avoid such 
construction at all voltages, in favour 
of various single-circuit configurations. 
However, as some twenty miles of the 
Burlington extension necessarily encir- 
cled the metropolitan area of Toronto, 
this viewpoint was brought sharply into 
conflict with the question of right-of- 
way costs. The final decision was in 
favour of the double-circuit construc- 
tion, though it will be noted that a 
_ relatively conservative design has been 
adopted. 

The initial decision was to adopt a 
span of 880 ft., utilizing 795,000 cir. 
mils., a.c.s.r. at a maximum designed 
tension of 10,000 pounds. However, a 
change in this decision was brought 
about by the exigencies of the present 
situation and the line is actually being 
constructed utilizing the type HH seg- 
mental, hollow-core, copper conductors, 
500,000 cir. mils, 1.02 inch outside 
diameter, seven segments, having an 
ultimate strength of 21,200 pounds. 
At the 880 ft. ruling span the maximum 
designed tension, at 1/2 in. ice, 8 pound 
wind and 32 deg. fahr., is 9,500 
pounds, the 60 degree tension being 
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Fig. 7/—Clearance diagram for 1920 
type 110 kv. double-circuit construction 
—one-half loops only—Note overlap- 
ping loci indicating anticipation of 
sleet outages. 


4,700 pounds, equivalent to 45 per 
cent and 22 per cent of ultimate respec- 
tively. 

The tower design adopted is shown 
in Fig. 6 (b). It will be noted that a 
single ground cable is used, located at 
the tower peak, 30 ft. above the point 
of support of the upper phase conduc- 
tor in the suspension position. A 
shielding angle of 29 degrees and a 
ratio of “height of ground wire above 
power conductors to total height of 
ground wire” of 0.236 results. Footing 
resistance data on this construction are 
not yet available, but the line being all 
in good agricultural land it is not anti- 
cipated any particular treatment of the 
footings will be found necessary. 

Again in the new double-circuit con- 
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struction the same principles of design 
for sleet operation were used. It has 
been found more difficult to provide 
adequate clearances economically in 
this type of structure than in the single- 
circuit design. For example, in an 
earlier 110 kv. design, utilizing 605,000 
cir. mils; a/c.s.r.-conductors. at“oo0dt: 
spans and providing a 4-foot offset of 
the centre phase wire, Fig. 7, actual 
outages due to “galloping” have been 
experienced. That these outages might 
be anticipated, however, is indicated 
when the design is analyzed by means 
of Lissajous figures, though it will be 
seen that rather extensive revisions will 
be needed to effect full clearances. The 
clearance diagram for the 220 kv. de- 
sign finally adopted is shown in Fig. 
6 (b), based on half-loop movement of 
heavy copper power conductors but full 
loop movement of the relatively light 
ground cable. 


No special precautions are being 
taken to protect this double-circuit con- 
struction against conductor vibration. 
The extensive studies reported by other 
authors are interpreted as indicating 
that, except perhaps in certain cases, 
no such precautions are necessary. 
Furthermore, it was decided that no 
particularly special provisions would be 
made in the suspension clamp, Fig. 
8 (a), and that copper compression 
joints, Fig. 8 (b), would be used for 
both straight joints and dead-end assem- 
blies. ‘Time has not permitted com- 
plete investigation of this latter prac- 
tice, which is at variance with the 
practice adopted in certain other lines 
utilizing this form of conductor,’ but, 
as the full strength of the conductor 
is developed in these new joints and as 
the mass of all parts subject to pos- 


sible vibratory stresses is reduced to a 
minimum, no objectionable operating 
experience is anticipated. 

A structural revision incorporated in 
the double-circuit tower consists of de- 
signing the lower panel so that all dia- 
gonal connections are made _ above 
grade. In earlier designs, including 
the single-circuit 220 kv. construction, 
the point of connection of the lower 
diagonals and the main legs is located 
below ground level. In this climate 
and particularly in clay soils, frost 
heaving has been found to occur which 
reacts against this below-grade diagonal, 
causing bending and in some cases 


actual failure. 
RELAY PROTECTION AND SYSTEM 
STABILITY 

It is finally of interest to describe 
briefly the relay protection provided 
on this 220 kv. system and to discuss 
the improvements being made, both in 
the existing protection and in the pro- 
tection of the newer construction, associ- 
ciating these improvements with the 
operating record and with the data 
obtained from Network Calculator 
analysis of the system. 

For “phase” faults, the earlier relay- 
ing consists of directional, two-stage, 
impedance distance type. The instan- 
taneous range of such relays is set to 
cover. 85.to. 90 “per cent “olnine sums 
length, the overlapping second range 
set to cover the remainder of the line 
and being given a definite time delay 
of 0.6 to 0.8 seconds. This protection 
effects simultaneous clearance of all 
faults in the mid-section of any line, 
but results in delayed opening of the 
distant breaker for end-zone faults. 

For “ground” faults, similar protec- 
tion is used, except that the relays are 
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Fig. 8—(a) Suspension clamp adopted for type HH segmental copper cable, 
500,000 cir. mils, 1.02 in. outside diameter. Span 880 ft., maximum designed 
tension 9,500 pounds, 45 per cent of ultimate strength. | 

(b) Jointing and dead-end assemblies for type HH copper conductors. 


supplied with line residual current and 
phase to ground voltage and the instan- 
taneous range is set to cover the whole 
length of the line, with some margin 
if the remote end is open. This results 
in simultaneous clearance of mid-sec- 
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tion faults, though it also effects sequen- 
tial clearance of faults in the end 
zones, that is, clearance without the 
delay associated with the timed second 
range. 

Certain of the line sections terminate 
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in breakers of earlier design, which 
originally gave a clearance time, with 
instantaneous tripping, as high as 0.5 
to 0.6 seconds. The more modern 
equipment clears within 0.2 to 0.25 
seconds. Improvements have been 
made from time to time, in the orig- 
inal relaying and in the older circuit 
breakers, so that total clearance times 
now vary from 4.5 to 10 cycles, with 
an average of about 6 cycles (based on 
25 cycles) for all faults except those 
cleared by the second ranges. 


This protection, though admittedly 
below present-day standards, has never- 
theless given adequate service during 
the building-up period on this system. 
Fortunately, all but a very few of the 
39 multi-phase faults have occurred in 
the high-footing-resistance territory in 
the mid-section of the Chats Falls- 
Leaside lines, where this protection 
effects simultaneous clearance. 


Improvement necessary in the pro- 
tective equipment, when operating at 


the higher recent loadings, has been - 


the subject of several Network Calcu- 
lator studies. These studies bring out 
quite clearly the inherent stability of 
a 25-cycle system. 


taneous clearance times of 0.2 to 0.25 


Assuming simul- 


seconds, as would be obtained with 
standard modern equipment, it is found 
that the three-phase fault may be 
adopted as the _ stability 
rather than the two-wire-to-ground 
fault usually adopted in 60-cycle sys- 
tems. 


criterion, 


In Fig. 9 is presented a family of 
curves obtained in such analysis, which 
indicate the relative severity of differ- 
ent types and locations of faults. At 
a loading of approximately 150,000 
kw. per circuit, Curves A and B indi- 
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Fig. 9—Stability curves for three-cir- 
cuit 220 kv. system, at loadings of 
approximately 200,000 h.p. per circuit. 
A. Three-phase fault at Chats 
Falls, cleared sequentially in 0.2-0.5 
seconds—unstable. 
B. Three-phase faults at Chats 
cleared simultaneously in 0.2 
seconds—stable. 


C. Three-phase fault 50 miles 
west of Chat Falls, cleared simultan- 


eously in 0.25 seconds—stable. 


D. Two-wire-to-ground fault 
at Chats Falls, cleared sequentially in 


0.2-0.5 seconds—stable. 


cate that three-phase faults near the 
generating source must be cleared 
simultaneously in approximately 0.2 
seconds, if stability is to be maintained. 
If such faults occur away from the 
generating sources, Curve C indicates 
that the increased loading of generators 
thereby created is sufficient to maintain 
stability with simultaneous clearance at 
0.25 seconds. Curve D shows the rela- 
tively lesser severity of the two-wire-to- 
ground fault, which does not disturb 
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the system stability with sequential 
clearance as long as 0.2 and 0.5 seconds. 
These results are taken to indicate that, 
with protective equipment effecting 
simultaneous clearance of all faults in 
0.2 to 0.25 seconds, loss of system sta- 
bility at loadings of 150,000 kw. to 
170,000 kw. per circuit need not be 
anticipated. 

It is proposed to attain this aim by 
superimposing carrier pilot control on 
existing and on all new two-stage im- 
pedance relaying. With the exception 
of the new Leaside-Burlington - line, 
where standard “transfer-block”’ carrier 
relaying is proposed, a system of trans- 
fer-trip carrier control is being devel- 
oped. The first of this equipment is 
being installed on the Beauharnois- 
MacLaren-Chats Falls connection and 
on the new Beauharnois-Leaside circuit. 
It consists of 400 watt carrier communi- 
cation single-frequency 
voice-actuated, the speech frequency 
range being limited to a band of 200 
to 2,500 cycles. Tone generators will 
be used to transmit relay control sig- 
nals, which operate to remove the time- 
delay feature of the distant-end second- 
range relays. Thus simultaneous clear- 
ance is obtained over the full line 
length, the speed of clearance being 
limited to that of the various terminal 
breaker equipments. This protection 
is as yet experimental and its perform- 
ance in service will form an interesting 


transmitters, 


study. 
CONCLUSIONS 
1. Operating experience with some 
8,400 circuit-mile-years of 220 kv. 
single-circuit overhead line construc- 
tion is submitted, which to a high 


degree confirms conclusions which 
may be drawn from the application 
to designs of published principles 
derived from theoretical and experi- 
mental analysis. 


2. Changes made in the latest designs 
of towers to provide improved oper- 
ation under sleet conditions also pro- 
vide desirable improvements in de- 
sign against lightning. 

3. Counterpoise on towers of high- 
footing-resistance which has largely 
been omitted on earlier construction 
is being installed on 1940-41 lines. 


4. Standard two-stage impedance type 


relay protection has given good satis- 


faction on these lines. To provide 


the best operation under heavy line 
loadings, carrier-current features are 
being superimposed on both new 
and old relaying to extend high- 
speed simultaneous fault clearance 
to cover the full length of each line. 
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Universal Type Flat Rate Water 
Heater Tank Cover 


universal type flat rate water 

heater tank cover has re- 

cently been made available 

to the municipalities incor- 

porating suggested improvements to 

overcome some difficulties experienced 
with the previous cover. 

The universal type is suitable for 

strap-on or type 

The size designation is the 


either immersion 
heaters. 
same as the standard markings for 
water storage tanks., i.e. 30-40-52-66-82. 

The universal assembly is in two 
pieces and with the insulation in batt 
form. It is now possible to remove 
the upper or lower section of the tank 
cover and insulation material and re- 
place the same without disturbing the 
other section. 

The new cover is split down the 
front to overcome the difficulty of the 
removal of the tank cover when placed 
close to a wall where little or no 
room is available to unfasten the screws 
holding the cover together. The top 
lid has been made with a much larger 
opening for the piping. The heater 
head and thermostat openings are con- 
siderably enlarged. 


The complete cover assembly with 
set of insulation batts and instruction 
sheet is now packed in an individual 
It is expected that with the 
new cover and insulation in batt form, 
the standard of water heater installa- 


carton. 


tions will be somewhat improved as 
the insulation material can be properly 
placed before the cover is assembled, 
making sure that the tank is evenly 
insulated. 


Place 

Base Ring support. 

Base Ring—making sure the diagonal 
cut in this ring straddles a supporting 
lug. 

Place 


Heaters. 


Place 


Thermostats. 


Universal Type 2-piece cover suit- 
able for both Immersion and Strap-on 
Heaters. 


Cover size designations same as tank 
size; 1.e., No. 30, No. 40, etc., ete. 
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Place 


Lower insulation sidewall Batt inter- 
locking the wire mesh to hold snug to 
tank. 


For better operation when openings 
are not adventageously placed in stor- 
age tank, use Strap-on Type Heaters. 


Place 


Upper insulation sidewall Batt. 


Cut away insulation material and 
wire mesh covering heater head and 
thermostat. Pull out thermostat lead 


wires ready for wiring up. 


When installing Immersion ‘Type 
Heaters use Box Type or Square-jawed 
wrenches only. Make sure Strap-on 
Heaters are snug to tank and that the 
heating element does not straddle rivets, 


seam of tank or other obstructions. 


The installation of the cover is much 
simpler and easily accomplished as the 


pictures from the instruction sheet 


show. 
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When installing thermostats make 
sure that they are mounted above. 
heaters, if this is not possible place 
to the side but never below. Make 
sure thermostat does not come in con- 
tact with heaters. 
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Place 


‘“AWH_” wire connecting heaters and 
thermostats. 


White wire—neutral. 
Red wire—flat rate supply. 


Black wire—booster supply. 


Place 


Lower side-wall section. 


Place 


Upper pulling 


section 
“AWH)” wire through the No. 40 bush- 


ing into the 4-in. Junction Box. 


side-wall 


Place 

Top insulation Batt using the surplus 
from this Batt and the cuttings from 
heater head and the thermostat opening 
to insulate Box Type Covers. 


Place 
Split Type Top Covers. 


When wiring use No. 20 bushings in 
heater head where “AWH” wire enters, 
No. 40 bushing is used at the 4-in. 
Junction Box mounted on the upper 
section of the side-wall casing. 


More complete information regard- 
ing Flat Rate Water Heater Equipment 
installations may be found in the In- 
struction Manual S.P. 110. Sales Pro- 
motion Dept. 
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William Hog¢ 


HEREVER Hydro con- 
struction is being carried 
on, a deep sense of loss will 
be felt in many hearts 
when it is known that Bill Hogg 
He died in Tor- 
Hospital 


has passed away. 
onto General 


27th 
illness, at the age of 71. Many of his 


on August 


after a comparatively short 
years were spent in whole-hearted ser- 
vice to the Commission wherever rock 
or earth had to be moved, concrete put 


into place or machinery set up to do 


such work. Many power develop- 
ments beginning with the Ontario 
Power Company away back, the 


Queenston Development and _ several 
powerhouses since then from Ear Falls 
in the far North West to the one at 
Big Eddy in Muskoka which is still 
under construction, owe part of their 
existence to his labours. 

What we shall miss 
Bill’s 


judgment and invariably willing help, 


most will be 
genial personality, his sound 
and that distinguished presence of his 
which gave a cachet to whatever circle 
he might be in. Modesty was one of 
his outstanding characteristics, yet he 
could be the life and soul of a party. 
Our recollections of him will always be 


pleasant ones. 
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Electricity in Canada 50 Years Ago 


HE Golden Jubilee number of 

Electrical News and Engineer- 

ing contains a section headed 

“Highlights of the Half Cen- 
tury, 1891-1900” which contains items 
for the different years from 1891 to 
1900, and from that date up to the 
present. In 1891 it was stated that 
there were between four and five hun- 
dred electrical installations with elec- 
tric lighting and power plants being 
daily installed in every part of the 
country. That publication states that 
these four or five hundred small gen- 
erators having a total capacity that 
would not exceed 40,000 h.p. may be 
called the beginnings of the Canadian 
electrical industry, which now has a 
primary power installation in central 
stations alone of around 8,000,000 h.p. 
Some of the items noted for the year 
1891 are outlined hereunder. 


It was reported that the city of 
Montreal led the way in the exclusive 
adoption of electric lighting for its 
streets. The Royal Electric Company 
there built extra stations “of immense 
power” during 1890. Quebec had ex- 
tended its service by the introduction 
of large generators to operate incan- 
descent light. These were a.c. machines 
installed at Montmorency Falls 14 miles 
away. | 

In Toronto the city closed a contract 
for five years for an additional illu- 
minating capacity of 400 lights. Central 
stations were having difficulty in the 
larger centres keeping up with the de- 
mand for electric lighting. 

Electric street railways had been pro- 
nounced practicable, but there were a 
number of difficulties which seemed to 


be holding back any number of elec- 
There was 
objections to the “unsightly and cum- 
brous” overhead construction necessi- 
tated by. electric street railways. There 
were many who advocated cars driven 


tric_ railway installations. 


by storage batteries and the city of 
Toronto could not make up its mind 
as to whether a trolley system or stor- 
age battery system should be installed 
in that city. Comparative costs of 
electric versus horsepower were given 
by a representative of the Thomson- 
Houston Electric Company before the 
Street Railway Committee of the Tor- 
onto City Council, which showed that 
in some cases reductions had been made 
from 17 cents to 9 cents or 8 cents per 
mile in favour of electricity. While 
the politicians debated about the pos- 
sible benefits of electric street railways, 
many centres across Canada were in- 
stalling plants to operate street lights. 

Among minor difficulties not now en- 
countered, a case is sited where in 
Windsor, Ontario, a couple of thieves 
stripped some telephone wires from 
their poles and tried to sell them in a 
Detroit junk shop. Also the people of 
Rat Portage complained that their tele- 
phone service had been ruined or des- 
troyed by the placing of electric light 
wires on the same poles with the tele- 
phone wires. 

The first electric passenger elevator 
to be manufactured and operated in 
Canada was placed in service in the 
Sun Life Assurance Building at Mont- 
real. 


It was reported in 1891 that during 
10 months the electric tramways at 


Victoria, B.C., had carried 720,000 pas- 


VOL. XXVIII, No. 8 


THE BULLETIN 


235 


TTC THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO. MIUINMINININIIIIINIINHUNIEN 


CONTENTS 
Vol. XXVIII No. 8 
AUGUST, 1941 
Page 


Electricity in Canada 50 Years 


TANCE 63 so SSR Roepe i a ame ea 234 
World’s Largest Stretch of | 
Lighted Highway.......... 236 


Anglo-American Responsibi- 
HitOSmeeatte ela ae aes 242 


Measurement and Control of 


Conductor Vibration...... 252 
Georgian Bay Municipal Elec-. 
tric Association............ 267 


The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discussion 
of “Hydro” matters and to maintain 
the co-operative spirit between muni- 
cipalities, as well as between muni- 
cipalities and the Commission. Articles 
of interest are invited for publicatian. 


sengers. The Ottawa Electric Street 
Railway Company, Limited, was incor- 
porated with a capital stock of $5,000,- 
O00; =") he first electric tramway. for 
mining purposes in Canada was put 
into operation in the New Vancouver 
Coal Mines at Nanaimo, B.C. Electric 
light and some other electrical mach- 
inery were also installed at these mines. 
Montreal town clocks were regulated by 
electricity in the year 1891. 

W. C. McDonald bequeathed $40,- 
000 to McGill University for the en- 
dowment of a chair in Electrical Engin- 
eering. In Toronto it was reported 
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that the first installment of electrical 
instruments has been received for the 
Electrical Engineering Department of 
the School of Practical Science and 


that the Department would be fully 


equipped shortly before the end of the 
year. 

Some towns took their electric light 
calmly, while others considered the 
switching on of the first electric lamp 
just cause for celebration. 

A street car put into service in North 
Toronto was said to be the first car to 
be heated with electricity in Canada. 
An item appeared in 1891 to the effect 
that a residence in Peterborough had 
been fitted with electric lighting appar- 
atus. 


Many schemes had been advanced 
in this year and prior to this time for 
the development of power at Niagara 
and transmission of that power to near- 
by cities. The electric lighting system 
in Niagara Falls itself was supplied 
by a steam driven generator. There 
had been talk of transmitting power to 
Buffalo and even to New York from 
Niagara and also to Hamilton, Lon- 
don and Toronto, but in 1891 it ap- 
peared to be commercially impractic- 
able. Alternating current motors were 
not in use yet, so only d.c. distribution 
was considered generally. Any scheme 
brought forward embodied in it either 
d.c. transmission at low voltage or a.c. 
transmission at what was considered to 
be a very high voltage (about 20,000 
volts) with subsequent conversion to 
deat thesreceiving -end. 

During 1891 the first mill ever estab- 
lished in the Dominion for the manu- 
facture of copper wire was built in 
Montreal by the Dominion Wire Manu- 
facturing Company. 
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Typical section of Queen Elizabeth Way before planting of centre strip. 


Eventually the poles will be hidden by the growth of trees. Welded steel mast- 
arms are used to support the luminaire 26 feet above the pavement and over- 


hanging some 3 feet. Poles are Class 5, western red cedar, shaved and stained 
green with 1/2-inch penetration creosote treatment of butts. 


World’s Largest Stretch of Lighted 
Highway 


By R. E. Jones, Assistant Engineer, Distribution Section, Electrical 
Engineering Department, H.E.P.C. of Ontario 


HE world’s longest continuous- 
ly lighted artery is the Queen 
Elizabeth Way in Ontario, ex- 
tending from Toronto to Nia- 
gara Falls, a distance of 70 miles, with 
a further extension of 20 miles pro- 
posed to Fort Erie, opposite Buffalo, 
N.Y. This is a heavily travelled road 
through a thickly populated industrial 
area. The military value of such a 
road, according to the Department of 


Highways, was a factor in its con- 
struction during the war. It is well 
lighted throughout for safe night driv- 
ing, making use of the silhouette prin- 
ciple instead of direct illumination. 

There are two concrete lanes, each 
20-23 feet wide, with centre boule- 
vard of 28 - 30 feet. 

The position of the poles which is 
in the centre of the boulevard was 


decided upon after experiments had 
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@oronto 


Lake Ontario 


ONTARIO 


NEw YorK 


Route of Queen Elizabeth Way. 


On curves, standard spacing 1s re- In a section where local conditions 
duced from 200 to 150 feet. Incan- necessitated a narrow dividing strip, 
descent luminaires have 6000-lumen  mast-arms are shortened to maintain the 
multiple lamps. standard 3 feet overhangof the pavement. 
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Multiple Circuit Diagram. 


Lighting cables are No. 3-600-volt rubber and lead, 
with a similar No. 6 cable for control. 


Between sections a No. 8 bare wire is 


used to add to the conductivity of the one lead sheath at that point. 


Cable riser at each pole consists of 
a single conductor, No.8 R. G L., cable 
beneath wooden moulding from below 
As the lead 
sheath is used as the grounded side of 
the circuit, the pothead is attached to 
the cable by belling out and clamping 
the lead beneath a bushing. There is 
a ground screw on the side of the pot- 
head, and asphalt is used to seal the 
cable inside the body. 


ground to the mast-arms. 


been made with various arrangements. 
This results in a minimum number of 
and the poles are structurally 
The buried cable is multiple 


poles, 
balanced. 
with full photronic control. 

Power circuits were available along 
the entire route, which was one factor 
in the decision to install a multiple 
When, as 


occasionally happens, a pole is knocked 


instead of a series system. 
down, the balance of the circuit re- 
mains in service and the exposed con- 
ductor is of no higher voltage than 
IFtR8), 

On account of cheap power and the 
higher cost of equipment in Canada, 
incandescent lighting was _ selected. 
Some sodium units were purchased and 
are now used in place of standard in- 
candescent units to mark intersections 
where the usual type of signal is not 


desired. 


405-watt, 
multiple type with a life of 3000 hours. 


Lamps are 6000-lumen, 


They are replaced semi-annually on 
a group replacement schedule. 


Power is purchased at 2300 volts. 
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A standard distribution transformer 
is located at the side of the road each 
half mile. This is supplied at 2300 


volts from an existing rural circuit. 


Below the transformer is a steel rack 
supporting 4 relays and a 3-wire bus. 
Transformers are painted green to iden- 
tify them as road lighting equipment. 


The installation is owned and oper- 
ated by the Department of Highways 
of Ontario. Engineering and construc- 
tion was carried out by The Hydro- 
Electric Power Commission of Ontario. 
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A photronic control ts installed each 
6 miles to turn the lights on and off. 
The controller, together with fuse and 
connection box, and lock switch ‘to 
permit turning on in daytime for ser- 
vicing, are mounted on a steel channel. 
In the daytime, the controller energizes 
the control cable which holds open all 
the relays in the section. Thus, failure 
in the control circuit will turn the 
lights on in the daytime, instead of 


turning them off at night. 


240 


THE BOEEESIN 


HMMIIME THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO IIIT TTT 


Trench is dug near the pavement by machine, and backfilling is done with 


a scraper. 


Cables are placed in the trench by 
For identifica- 
tion, one line cable is painted red oppo- 


hand, one at a time. 


site each pole as it is installed. As this 
part of the boulevard will never be 
disturbed by placing of sign posts or 
trees, cable cover blocks are used on 


lateral runs only. 


Taps to the main cable are made 


by removing the lead sheath and mak- 
ing a soldered and rubber and friction 
taped joint. The joint is then placed 
in a Slotted iron or wood box and 
filled with “crack-filler’ asphalt. As 
the lead sheaths act as a neutral con- 
ductor, they are all bonded together 
at each tap point. For a bond, No. 6 
copper wire is used, attached to the 
lead with a binding of No. 16 tinned 
copper wire and soldered. 
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At the Toronto Entrance steel stand- For the concrete bridges, a suitable 
ards were used on one side of each standard was designed by the Depart- 
traffic lane. The monogram represents ment of Highways. It has a projection 
Elizabeth Regina. of 10 feet and is of welded steel pipe. 
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Anglo-American Responsibilities 
By Max W. Ball 


This address delivered at the Annual Meeting of the Metallurgical and Mining 
Institute (Transactions, Volume XLIV, 1941, pp. 145-153) in March, 1941, at 
Montreal, though not dealing with Hydro or other matters directly related to 
the electrical industry, is reproduced herein on account of its particular significance 


during these war times, which T’he Bulletin believes will be appreciated by its 


readers.—EDITOR. 


OU have been kind enough to 
ask me to speak to you on “The 
War and Anglo-American Re- 
lations 5 Sock 
takes the liberty of putting his own 


speaker always 


interpretation on the scope of his sub- 
ject. I am going to exercise that privi- 
lege, and try to look back over a gener- 
ation of Anglo-American relationships 
and forward beyond the present war. 
I should like particularly to consider 
responsibilities as well as relationships. 
A more accurate caption for what I 
am going to say would be “Anglo- 
American Responsibilities.” 


THe War Witt BE Won 

I am assuming that sooner or later 
we shall win this war. History and 
economics point to the same conclu- 
sion, that Germany has attempted the 
impossible and that the seeds of defeat 
are already sown. As to one economic 
factor, I am already on public record 
as believing that Germany’s oil supply 
is inadequate for the war she _ has 
launched. That opinion is unchanged. 
Aside from such tangible factors, more- 
over, I am convinced that the spirit 
of freedom is unquenchable, and that 
no combination of powers will be able 
to rout it from the British Common- 
wealth the United 


States. Stronger even than this con- 
viction is my faith in a God who will 


of Nations and 


not suffer the defeat of man’s aspira- 
tion to be master of his own soul. I 
am sure that all of you share that faith, 
and sthat.we need, not argue 1f sve 
can start with the assumption that the 
war will end in victory. 

The subject we are to consider, then, 
is the relationship of the English-think- 
ing peoples during the conflict, and 
their joint responsibilities in the difficult 
days that will follow it. 


A CANADIAN-AMERICAN 

No talk on such a subject is worth 
listening to unless the audience knows 
the background and fundamental be- 
liefs of the speaker. No human state- 
ment stands alone; behind and beside 
and within it are the ideals and the 
bias of the man who makes it. Because 
I am a stranger to most of you, I am 
constrained to talk about myself before 
I talk about more important matters. 
The review may be profitable, not be- 
cause of the subject, but because it may 
illustrate the evolution of an attitude 
toward England. 

I am an American citizen, born in 
the United States. 
for from five to nine generations back 


The 


most recent migrant to America came 


All of my ancestors 
were born in the United States. 


from Switzerland when Indian raids 
were still common in western Pennsyl- 
vania. The others were English, Scotch, 
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Irish and Dutch. I have never been 
outside North America, and never more 


than a mile south of the Rio Grande. 


Since 1930 I have spent much of 
my time in Canada, and since early 
in 1937 I have lived in Edmonton. 
For several years my principal business 
interest has been in Canada. I have 
been welcomed and made to feel that 
ieam, wanted, and=I- féél“as “much “at 
home on this side of the line as on the 
other. I am not a full-time Canadian, 
however; I maintain an office in Den- 
ver and my consulting work takes me 
hither and yon throughout the United 
States. My son is attending the Color- 
ado School of Mines and says “skedule” 
and “ze”; my daughter is attending 
the University of Alberta and says 
esuedule: and-. zed.” 


as complete a Canadian-American hy- 


I am probably 


brid as can be found. 


What, then, about my attitude to- 
ward things British? Like most Am- 
ericans of my years, I was taught in 
school books to think of the British as 
tyrants, the enemy who tried to keep 
the American colonies in subjection and 
against whom they had to fight to gain 
freedom and self-government. No one 
told us in those days that the English 
had for centuries been climbing the 
ladder of popular government, even 
though they had not yet reached the 
height of extending it to their colonies. 
No one told us that while we were 
fighting our Revolution the English 
people were themselves waging a val- 
iant struggle against the abuse of royal 
prerogatives. All we were taught was 
that the English had been our oppres- 
sors and that we had been compelled 
to win our liberties from them by force 


of arms. When we played our boy- 
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hood games of war and glory the enemy 
was always the British or the Indians, 
the Redcoats or the Redskins; it didn’t 
much matter which; they were equally 


bad. 


THE SPANISH-AMERICAN WAR AND THE 
Pax BRITANNICA 

Then something happened. When I 
was a lad just beginning to think for 
myself, the United States fought its 
war with Spain, a war fought for the 
freedom of an oppressed people out- 
side our boundaries. Like most Ameri- 
cans, young or old, I was shocked by 
the fact that the countries of contin- 
ental Europe, almost without exception, 
sided with Spain. Even such a cradle 
of liberty as Switzerland was strongly 
pro-Spanish. I used to be astounded at 
the letters my sister received from a 
chum whose father was American Con- 
sulin «Zurich: But England! Ah, 
England was different. England recog- 
nized that the United States was fight- 
ing for something in which Englishmen 
believed, in the right of man to deter- 
mine his own government. England 
gave the United States something akin 
to what the United States is now giv- 
ing England—every aid short of war. 
From that day forward, to me and to 
millions of other Americans, England 
was no longer the ancient enemy of 
our liberties; she was the friend of 
liberty and the friend of the United . 
States. 


Do you remember the discussion that 
ran through the States after the Span- 
ish-American advocating an 
Anglo-American union; not necessarily 


wal, 


a political union, but a union of col- 
laboration and co-operation? Perhaps 
it was discussed in Britain and Canada, 


too; I wouldn’t know. I was a boy, 


244 


THE BULLETIN 


HUE THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO TIIINNINIUTIETTIT TITIES 


with all of a boy’s enthusiasm. I be- 


came a devotee of the idea. I still am. 


Then came the long years during 
which peace became a normal condi- 
tion in most of the civilized world, and 
Anglo-American friendship came to be 
taken as a matter of course. I studied 
a bit of world history during those 
years, and I needed to be no brilliant 
student to recognize that the peace was 
a “Pax Britannica,” that respect for 
the might of England was the major 
factor in preventing one power from 
attempting the conquest of another, 
and that the spectre of what happened 
to Napoleon was a constant reminder 
of what would happen to anyone who 
might again attempt to rule the world 
by force. 


Ture WoriLp War AND THE LEAGUE 
oF NATIONS 

Then came the World War. A man 
with a Napoleonic complex decided that 
Britain had lost both her idealism and 
her political judgment and would stand 
aside while he made himself master of 
Europe and perhaps of much of Asia. 
Millions of Americans believed we 
should enter the war at once. I was 
one of them. When the then Presi- 
dent said, “We are not concerned with 
the obscure sources from which it has 
burst forth,’ we felt enraged and de- 
graded. We felt, as did Theodore 
Roosevelt, that the sources were neither 
obscure nor foreign to us; that in a 
conflict between freedom and conquest 
we belonged on the battlefield fighting 
for freedom. I am convinced that if 
Theodore Roosevelt had been Presi- 
dent, as but for a turn of politics he 
might have been, the United States 
would have been in the war from the 
beginning, whole-heartedly, with no 


more dissent than there was when the 
country finally went in three years later. 
When the President of the United 
States tells the country for three years 
that a certain war is no concern of 
theirs, some people will come to be- 
lieve it, and will continue to believe it_ 
after the President has changed his 
mind. ‘The enthusiasm with which the 
American people threw themselves into 
the war when President Wilson finally 
said the word showed that many of 
them had thought we should be in it 
all along. 


And then the peace, and the refusal 
of the United States to join the League 
of Nations. It is too long a story to re- 
view now, but I stand here and tell you 
that on Armistice Day and for months 
thereafter most Americans favoured the 
idea of a League and of full American 
participation in it. What happened 
that kept the United States out? Chiefly 
two things: First, Woodrow Wilson had 
fought the war as though it were not 
a war of the American people, but a 
war of the Democratic party. He 
handled the peace the same way. The 
commission that he took to Paris was 
a Democratic commission; not a Re- 
publican was on it, not even the rank- 
ing Republican member of the Com- 
mittee on Foreign Relations of the 
United States Senate. The League, 
God forgive us, became a partisan issue 
—at a time when the United States 
was swinging sharply toward Republi- 
can normalcy. 

The second thing that killed Ameri- 
can participation is now represented 
by the Statute of Westminster. You, 
yourselves, have taken some time to 
change your concept from a British 
Empire to a British Commonwealth of 
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‘Nations. It is surprising that after 
the war, when the concept was new 
to you, the average American did not 
grasp it? To be candid, he does not 
srasp it yet? He still thinks of the 
British Empire as a unit. So, most of 
the time, do you. You can imagine 
the American’s reaction, then, to a 
League of Nations in which the United 
States would have one vote, the British 
Empire five. The concept later em- 
bodied in the Statute of Westminster 
may have made Canada, Australia, 
New Zealand, and South Africa free 
and independent nations, but it helped 
to kill American participation in the 
League of Nations. Not all the mal- 
adroitness in the handling of the 
League’s promotion was concentrated 


-on the banks of the Potomac. 


Even so, the League was not rejected 
by the American people. They never 
had a chance to vote on it apart from 
other issues. 
President Wilson made it an issue in 


the campaign of 1920 to choose his 


and wholly unrelated 


successor, but it was only a single 
plank in the platform of his party. The 
other planks concerned domestic mat- 
Most Am- 


ericans, forced to choose between mem- 


ters, and were not popular. 


bership in the League and economic 
policies they feared would be disas- 
trous, forgot the League and voted for 
economic soundness. I know how they 
felt, for I was one of them. A strong 
believer in the League and in American 
membership in it, I nevertheless voted 
against the League-sponsoring party in 
that election. You can see, then, how 
far the American people were from 
actually rejecting membership in the 
League. 
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THe Tracic YEARS OF PEACE 

So we come to more recent times. I 
wish we might pass over the years be- 
tween the Treaty of Versailles and the 
invasion of Poland. They contain so 
many. mistakes! They are the tragic 
years. There are those who will say 
that the only tragic years are the years 
of battle. I tell you that the years of 
battle, with all their bloodshed, are 
the years of courage and sacrifice, of 
the upsurge of determination that right 
shall not be banished from the earth. 
The tragic years are the years of sloth 
and cynicism, when men come to prize 
life and ease above right and liberty. 
Yes, these have been the tragic years, 
the years when the good wrought from 
the last war could have been preserved 
and tne: evils, of the present ‘one 


avoided, and they were not. 


What happened to us during those 
years? It seems to me that we suc- 
cumbed to certain dangers inherent in 
democracy. Like any other product of 
man’s thinking and evolution, democ- 
racy has its dangers. 
some of them. 


Let us examine 


THe MartTeERIALISTIC DOCTRINE OF 
PACIFISM 

The first I would name is pacifism. 
It is an especial danger because it 
wears a semblance of the ideal of de- 
mocracy itself. Democracy exalts man, 
the individual. It proclaims his right 
to life, liberty, and the pursuit of hap- 
piness. Of these three things, life is 
tangible, material; liberty and the pur- 
suit of happiness are intangibles, things 
of the spirit. Pacifism seizes on the 
tangible thing and exalts it as the 
whole. It makes man’s life and man’s 
right to it the sole thing of importance. 
In pacifist philosophy he should never 
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be called upon to sacrifice or endanger 
his life for the sake of the spiritual 
rights such as liberty and the pursuit 
of happiness, either his own or those 
of others. I submit that never in all 
history has there been a more material- 
istic philosophy, a doctrine that more 
clearly exalts bodily well-being above 
spiritual values. Yet this doctrine, so 
definitely the negative of Christ’s phil- 
osophy that “Whosoever would save 
his life must lose it,’ lives intimately 
among us in the garments of Christian 
idealism, the pet of our women’s clubs, 
the favourite of our schools, and the 
darling of our churches. 


We need not theorize about its dan- 
gers. We have only to look back over 
the past ten years. Because pacifism 
permeated our thinking and war was 
considered the only evil in God’s sight, 
the Manchurians and millions of Chin- 
ese are slaves to-the Japanese, the 
Ethiopians and the Albanians are slaves 
to the Italians, and the Czechs, Slovaks, 
Poles, Danes, Norwegians, Dutch, Bel- 
Rumanians, and 


gians, Bulgarians 


French are slaves to the Germans. 
The pity of it is that probably war 
would not have been necessary to pre- 
vent all this if our horror of war had 
not been so great. The watchman 
seldom has to shoot to prevent the 
store he guards from being robbed. 
He needs merely to be armed and pre- 
pared to shoot if necessary. If we, 
and by “we” I mean the believers in 
democracy, had not told ourselves we 
must never under any circumstances 
go to war, and in consequence let our- 
selves become too weak to fight, we 
should not have needed to fight. A 
strongly-armed England, or a strongly- 
armed United States, ready to use her 


strength, could have kept Japan out of 
Manchuria without doing battle. Italy 
would not have attacked Ethiopia if the 
British had been strong instead of weak. 
Germany would still be within her 1930 
boundaries, with or without Hitler, if 
Britain had not permitted her to re- 
arm and to occupy the Rhineland. No 
war would have been necessary; all that 
was needed was the willingness to fight. 
Hitler would not have given battle; he 
had nothing to battle with. 

We gain nothing by blaming the 
government then in power. The gov- 
ernments of free peoples, and in fact 
of all peoples, come pretty close to 
representing the ideals and desires of 
the governed. The pacifist government 
of Britain when Hitler invaded the 
Rhineland was spirit of our spirit. We 
all feared war so much that we were 
unwilling to risk a little war to make 
a big one impossible. We might have 
taken to heart a sentence from Machia- 
velli, “Never permit an evil in order 
to avoid a war, for the war will come 
and you will be in poorer case to main- 
tain it.” But such common sense was 
out of date in those pacifistic years, 
and the evil was permitted, the war 


came, 


and we were in sad case to 


maintain it. 


THE SENTIMENTAL DocTRINE OF 
UNIVERSAL SELF-GOVERNMENT 

The second danger of democracy 
represents a different type of slipshod 
sentimentality. .We assume that be- 
cause we are capable of governing our- 
selves after a fashion and of respecting 
the rights of our neighbours, all men 
have the same desire and ability. Noth- 
ing could be more false or more dan- 
gerous. The art of self-government is 
not an inherent gift; it is the product 


VOL. XXVIII, No. 8 


THE: BULLETIN 


247 


TU AM THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO IIIIIIIIININIIIINIIHININIUNINM 


of long and painful practice. Those 
of us who speak the English tongue 
have taken more than six centuries to 
achieve it in its present imperfect state. 
Turn back the pages of history and 
see how slow our progress has been, 
how many times we have taken the 
wrong turn, how often the ideal has 
seemed to be lost, how hardly won 
each step has been. Self-government 
calls for self-discipline, a spirit of fair 
play, a willingness to accept the will 
of the majority, no matter how much 
we may dislike it. Is there any way 
in which these things can be learned 
except through generations spent in 
the hard school of experience? 

Look over the world and count the 
peoples who have demonstrated their 
ability to do it. 
on the fingers of a single hand: 


You can count them 
The 
English-speaking peoples, the Scandin- 
avian peoples through whom the germ 
of the idea came to England, the Swiss, 
the Dutch, and the Belgians. That’s 
all. The Czechs and Slovaks made a 
start, but only a start, in the twenty 
The Poles 
stumbled before they got under way. 
The French? Not yet, though no nation, 
perhaps, has stronger aspirations. The 
Third Republic lasted a little more 
than seventy years and in that time 


years they had to try. 


had something more than sixty-five gov- 
ernments. Such a history does not in- 
dicate. that the French have — yet 
achieved the political stability required 
for self-government. 

Why is this easy-going belief in self- 
government as an inherent gift a dan- 
ger to democracy? Because it leads 
the democracies to treat other peoples 
as though they had the same aspira- 
It=1s leading the 


tions and _ ideals. 
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United States and Britain toward two 
steps that will almost certainly cause 
suffering and bloodshed to those sup- 
posed to benefit—the granting of inde- 
pendence to the Philippines and do- 
minion status to India. After the last 
war it led to something far more dan- 
gerous than India or the Philippines 
canbe: sit sleds uss to think Ahats the 
Germans, the Austrians, the Hungar- 
ians, and the rest of the world had 
the same desire and capacity for gov- 
erning themselves, and for living at 
peace with their neighbours, that we 
have, and so it led us directly to the 
present war. It is a mistake we must 
Somehow we shall 
have to devise a system that will give 
other peoples a chance to learn the 
arts of self-government and _ interna- 
tional honour, and to reap the benefits 
when they have earned them, but that 
will guard against their abusing their 
privileges meanwhile. 


not make again. 


THE CYNICAL DOCTRINE OF SELF- 
DEROGATION 


These two dangers, pacifism and 
sentimentality toward other peoples, 
find a common expression in a third 
danger, the derogation of what we have 
We 
have a positive and malign genius for 


done when the doing of it is over. 


it. The word for it is cynicism. Twen- 
ty-odd years ago we fought a righteous 
war and made a reasonably just peace, 
but have we told our children so? You 
know we have not. It has been smart to 
be cynical about our purposes and our 
accomplishments. What have our books, 
our magazines, our teachers, and our 
preachers been szying for the past two 
decades? Mainly that the World War 
was a brutal war, fought by England 
to prevent Germany from attaining 
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economic equality; that England 
drew the United States into it to pull 
her own chestnuts out of the fire; that, 
whatever its cause, it was a failure 
and should not have been fought be- 
cause it failed to establish a perfect 
world order and a permanent world 
peace; that the “peace treaty was an 
iniquitous business that wreaked an 
unjust vengeance and that unwarrant- 
ably humiliated a people as proud and 
deserving as ourselves. Have you read 
the histories taught in your high schools 
up almost to today? I looked through 
those my daughter studied last year, 
in a Canadian high school, mind you. 
I found little to suggest that the Allies 
fought the World War in defence of 
the sacredness of treaties against con- 
quest and oppression; much to suggest 
that they were actuated by “power 
politics’ and envious economics. I 
found that the Peace of Versailles was 
a vengeful peace, unduly hard on Ger- 
many, that not only caused but justi- 
fied the rise of Hitler. 


If such things have been taught in 
Canada, you may be sure they have 
been taught in the United States. Is 
it any wonder that, after twenty years 
of such teaching, the United States 
should not be in this war? Considering 
what we have permitted them to be 
taught, we have every reason to be 
surprised that the youth of Canada 
have responded so nobly to freedom’s 
present cry of distress. We may recrim- 
inate all we like, but if any of us, on 
either side of the line, go reluctantly 
about our duty of defending liberty, 
we have only ourselves to blame for 
letting false and cynical teaching mould 
the minds of our people through the 
tragic years behind us. 


PRESENT ANGLO-AMERICAN UNITY 


Well, those blind, blundering tragic 
years are gone. What of the present 
and the future? 

As to the present, I do not need to 
tell you that the people of the United 
States hate Hitler, his associates, and 
all they stand for as bitterly as do the 
people of Canada. The lease-lend bill 
represents far more than a new statute 
on the books; it represents the grim 
will and determination of the people. 

Do not be unduly disturbed by the 
thirty-one votes against it in the Senate. 
Not all were hostile votes. Some, of 
course, were cast by isolationists, who 
somehow manage to make a great deal 
of noise while their heads are buried 
in the sand. Some were cast by peace- 
at-any-pricers, a few by men in whom 
the hostility of 1776 still lingers, some 
by men who cannot bring themselves 
to vote with Roosevelt even when they 
feel that he is right, but some were 
cast by ardent and loyal friends of 
Britain. That surprises you, and calls 
for a word of explanation. 

The lease-lend bill gives the President 
power to give or withhold aid when, 
to whom, and from whom he chooses. 
To the extent that American aid is 
essential in the war, it makes him the 
arbiter of its destinies. He could con- 
ceivably say to Britain or to Greece or 
to Canada, “Unless you thus and thus 
conduct the war,” or “unless you pro- 
mise thus and thus to make peace,” 
our aid will be withheld. There are 
sincere Americans who feel that such 
power should not lie with the head of 
a non-belligerent country, but should 
rest in those who are giving their blood 
and sweat to the fight; that Joab in 
the field and not David in Jerusalem 
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should decide whom to place in the 
forefront of the hottest battle, and when 
and for what cause to retire from the 
attack. 

Whether they are right or wrong is 
a question not before us here. Right 
or wrong, they are lost in the multitude 
of Americans who are less concerned 
with such fears than with quick, effec- 
tive, and overwhelming aid. The voice 
of that multitude resounds in the lease- 
lend bill, and their will will be felt 
in the aid that follows. 

Whether the United States will enter 
the war as a belligerent, and if so when, 
I know no more than you, but one 
great fact stands out: 
today, the English-thinking peoples are 


Now, already, 


united in a common cause. 


THE ENFORCEMENT OF PEACE 

As to the future, the thing that con- 
cerns me most is how we are going to 
meet our joint responsibilities during 
the post-war years. On us, the English- 
thinking peoples, will rest the chief bur- 
den of planning and maintaining the 
post-war world. How shall we plan 
and maintain it? No human mind can 
foresee what will need to be done, or 
how it should be done, but I think we 
can agree on a few fundamentals. 

We should have learned by now that 
no world order will function safely 
on international honour alone; not until 
all the peoples involved have attained, 
through generations of practice, to 
common standards of self-government 
and international honesty. Until that 
time, the world will need a police force 
powerful enough to prevent interna- 
tional robbery. Nations are much like 
individuals. So long as there are crim- 
inals and potential criminals there must 


be police. When private crime ceases 
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and police are no longer needed, then 


international peace may maintain itself 


on an honour basis. Meanwhile peace, 
like personal honesty, must be enforced. 
Who, then, shall enforce it? 


ANGLO-AMERICAN ENFORCEMENT 

From a coldly practical standpoint, 
the safest and most pleasant world to 
live in for the next fifty years would 
be one in which peace was enforced 
jointly by the English-speaking nations. 
The British and Americans are not 
saints nor are they above selfishness, 
and there would be deviations from 
strict fairness and justice, but on the 
whole the policing would be honest, 
fair, and effective. The mere sugges- 
tion, however, would throw every non- 


English patriot and most English-speak- 
‘ing idealists into spasms. 


It would be 
made to sound like tyranny of the 
worst sort. The idea is so coldly prac- 
tical as to be wholly impractical. 

It is not impossible, however, to con- 
ceive of some sort of association to 
which all people who have shown them- 
selves capable of self-government and 
who have a reasonably long record of 
international honesty would be admit- 
ted on an equal footing, each having 
a voice in its affairs and contributing 
to its joint police force—an associa- 
tion to which other nations might be 
admitted if and when they have given 
evidence of the necessary qualifications. 
Such an association could be set up as 
soon as peace is achieved. The requi- 
sites for its success would be the self- 
discipline and honour necessary for any 
form of self-government, plus the ade- 
quacy of its police force for any situa- 
tion and an unhesitating willingness to 
use it, and a realistic attitude with 


respect to further admissions. If paci- 
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fistic philosophy should weaken _ its 
power or its will to use that power, or 
if sentimentality should lead it to open 
its gates to a preponderance of unfit, 
the end would be chaos. 

Please do not think I am trying to 
lay down a plan for a post-war system. 
I have little faith in planned economics 
or planned world orders. I believe suc- 
cess in social and political systems comes 
only through evolution, through trial, 
error, and never-ending amendment. 
My only object in what I have said is 
to emphasize that after the war there 
will be a peace to make and enforce, 
that the responsibility for making and 
enforcing it will fall chiefly on the 
English-thinking nations, and that only 
as they see together, think together, 
and act together can lasting peace and 
justice be achieved. 


THE PITFALLS AND REQUISITES 
OF PEACE 


Can we do it and avoid the errors 
of the past? Let us study again the 
fumbled years since the Armistice and 
the pitfalls into which we fell. 

We must avoid, if we would save 
the world, the recriminations that rub- 
bed the sores of the last war. This 
time let no flamboyant American cry, 
‘We won the war,” and let no impa- 
tient Canadian answer, “Why didn’t 
you come in before the war was over?” 
However much we may argue, as argue 
we shall, over tariffs, trade rivalries 
and such things, we must hold fast to 
the comradeship that a common enemy 
and a common danger have given us. 

Britain, let us speak frankly, must 
avoid even the appearance of acquisi- 
tiveness. At the end of the last war 
there were those who said, with the 
appearance rather than the substance 


to justify them, that Great Britain had 
fought a selfish, not an idealistic war, 
because she emerged from it with en- 
larged territories. This time, if Anglo- 
American unity of sentiment is to be 
preserved, she must so conduct the 
peace that no one may accuse her of 


having profited. 


The United States, for her part, must 
abandon all thought of isolation. It 
may be hard for you, Canadians, to 
realize how difficult a task this may 
be. As citizens of a world-wide Em- 
pire you have always been world-mind- 
ed. ~The tradition vote-the meuttce 
States for a hundred and fifty years 
has been one of Because 
of her vast area and her self-contained 
economy she has not needed to look to 
world affairs. 


isolation. 


Millions of her people 
have never seen an ocean or an ocean- 
going ship. For generations her safety 
and her welfare lay in Washington’s 
admonition to “avoid entangling alli- 
ances.” She finds it hard to realize how 
great she has grown and how small the 
world has shrunk. She is not yet fully 
awake to the responsibility that her 
wealth and her strength have thrust 
upon her. She still wonders whether 
she cannot live in a world apart, with 
no participation in the world outside 
her borders. Yet awaken she must, 
and live fully in the larger world in 
which she finds herself, and shoulder 
her full share of its responsibilities, if 
she would escape the disorder and tur- 
moil of a world that cannot be organ- 
ized without her. 

Lastly, in the years that lie ahead, 
we must avoid the stumbling weak- 
nesses of the years behind, pacifism, 
the sentimental assumption that all 
people share our aspirations and have 


VOL XXVIII, :_No, 8 


THE “BULECEETIN 


251 


WT THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO _MIIMIIIIIIIIIIIIEIUIIIUIIIN 


learned our lessons of self-discipline, 
and the cynical decrying of our own 
ideals and purposes. 

These are the requisites for a future 
of peace and safety. Whatever world 
system or arrangement is based on them 
may not be perfect, but it will have 
a foundation permitting it to grow to- 
ward perfection. No system or organi- 
zation that is based on less will live long 
enough to grow. 


Gop Grant Us Unity 

And these, mark you, are the requi- 
sites of strength, a strength that, when 
this war is over, will remain only tc 
the English-thinking nations in unison 
No one of them, Great Britain, Canada, 
Australia, or the United States, will 
alone have the strength for the task. 
_ Peace, no less than victory, will require 
all that we can give in a common Cause. 

Thus, inevitably, we come to our 
final conclusion: If the nations that 
speak the English tongue continue after 
the war to work in harmony for their 
common ideals, the future, despite all 
the waste and woe of the present, may 
well be a happy one. If, on the other 
hand, Great Britain should swing to- 
ward a policy of acquisition or the 
United States return to a policy of 
isolation, or if pacifism or sentimental 
idealization of other peoples or cynic- 
ism toward their own ideals should 
again weaken their moral fibre, I shud- 
der for the world in which our children 
and our grandchildren may have to 
live. 

Let us pray God, then, as we have 
never prayed before, that not death 
nor life nor principalities nor powers 
nor things present nor things to come 


AUGUST, 1941 


nor height nor depth nor any other 
creature may ever again separate the 
spirits of the peoples who revere the 
English tradition. 


T.C. Savage, Water- 
ford, Retires 
The Of, rhomas-2@: 


Savage, chairman of the Waterford 


resignation 


Hydro Commission, on July Ist, re- 
moved one of the older and well known 
members of our convention from fur- 
ther participation in Hydro affairs. 
He had been a member of his local 
commission since 1918 and chairman 
continuously since 1922 to the time of 
his resignation. He was reeve of Water- 
ford in 1916 and has been postmaster 
since 1917, 
in local municipal affairs, and is widely 
known for his keen sportsmanship, par- 


He has always been active 


ticularly as a lawn bowler, hunter, and 
fisherman. 

Mr. Savage suffered from ill health 
early this summer, and though he has 
partially recovered, on the advice of his 
physician he retired from all public 
duties except that of postmaster. 

As a token of good fellowship and 
appreciation of his many years of faith- 
ful and efficient service members of 
village council and the Hydro commis- 
sion called at his home recently and 
presented him with an easy chair and 
ottoman. Mrs. Savage was also the 
recipient of a suitable present. 

Ex-Warden Wilton E. Honey, suc- 
ceeds Mr. Savage as Hydro commis- 
sioner, with Jas. R. Forbes, as chair- 
man. 
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Measurement and Control of 
Conductor Vibration 
By Gordon B. Tebo, Testing Engineer, H.E.P.C. of Ontario 


HE occurrence of fatigue fail- 
ures in conductors, and the 
more rapid deterioration ob- 
served with increase of span 
length and tension, disclosed a serious 
hazard in existing transmission lines. 
investigations of Relf and 
Ower’, Varney’ and others showed that 
the fatigue failures were due to vibra- 


Pioneer 


tion of conductors in steady winds of 
relatively low velocity, and that the 
vibration was excited by wind eddies 
which exert alternating vertical forces 
on the conductor. 


Many subsequent studies have been 
directed toward prevention of vibra- 
tion fatigue in conductors and in these 
numerous investigations there natur- 
ally were developed many devices for 
vibration control. Unfortunately no 
method for comparing their affective- 
ness has been generally accepted and 
as a result, widely different devices 


have been extensively applied. 


Installations of armour rods, festoons, 
dampers, special clamps, and other pro- 
tective devices have been made under 
quite different conditions of terrain, 
conductor 


length. 


size, tension and_= span 
Reports of subsequent tests 
or inspections were often incomplete, 
and although reports of operating ex- 
perience indicated satisfactory perform- 
ance for some of the devices, no definite 
opinion could be formed of their com- 


parative effectiveness. 


Paper presented to the American Institute of 
Electrical Engineers at Toronto, June 19, 1941. 


PRELIMINARY STUDIES 


The Hydro-Electric Power Commis- 
sion of Ontario, faced with this diffi- 
culty in adopting measures for pro- 
tection of existing and proposed lines, 
commenced a program of vibration 
research. Some phases of this program 
have been described previously, * *° in 
which analyses have been made of the 
effect of conductor shapes, stress distri- 
bution and energy loss in conductors 
due to travelling waves, and fatigue 
characteristics of steel wires. 
indicated the 
desirability of testing vibration-suppres- 


Preliminary — studies 
sing devices on full-size wind-excited 
spans, because no other method took 
full account of the complex relations 
between the wind eddies and conductor. 
In field tests of this nature it was 
recognized that the vibration records 
should reliably indicate the effective- 
ness of the various devices tested, in 
reducing or eliminating vibration fa- 
tigue. A survey was made to determine 
the limitations of available recording 
apparatus for this purpose. 


RECORDING APPARATUS AVAILABLE 


Clock-driven live-line recorders of 
the Zenith and Servis type® indicate 
amplitude approximately, but give no 
indication of frequency. These may 
be supplemented by cycle counters of 
the Jaquet type,’ which register the 
total number of vibration cycles above 
a fixed amplitude. From the combined 
records, it is possible to estimate the 


approximate amplitude, number of 
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hours vibration per day and average 
frequency. . 

More complex recording mechanisms, 
using motor driven wax charts® or oscil- 
lographs® have been described. ‘These 
measure the amplitude, frequency, and 
wave shape at a point on the conductor 
two feet or more from the suspension 
clamp, and thus indicate the effective- 
ness of dampers in suppressing vibra- 
tion. They do not, however, provide 
a measure of the stress-relieving proper- 
ties of special clamps or conductor rein- 
forcements. 

Two methods of recording the actual 
bending in a conductor adjacent to a 
suspension clamp, have been described. 
One® uses a mechanical linkage, con- 
nected by waxed strings to the con- 
ductor on opposite sides of the suspen- 
sion clamp. Another? employs an 
optical arrangement to record on photo- 
graphic film, the motion of the vibrat- 
ing conductor relative to the suspen- 
sion clamp. 

A carbon-pack type of curvature re- 
corder* has been found useful for oscil- 
lographic recording of travelling waves 
in conductors, and for recording cur- 
vatures due to aeolian vibration. How- 
ever, its tendency to change calibration 
when left unattended, made it unsuit- 
able for continuous vibration recording. 


DEVELOPMENT OF RECORDING 
EQUIPMENT 

None of the _ devices 

appeared entirely satisfactory for the 

purpose of this investigation. In the 

development of new equipment for re- 

cording conductor vibration, the follow- 
ing requirements were recognized: 


available 


1. Because all fatigue breaks occur 
within an inch of suspension or 
strain clamps, knowledge of stress 
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conditions in that region was con- 

sidered essential. 

2. No strain gauge was available to 
measure stresses in the individual 
strands under field conditions. A 
satisfactory alternative appeared 
to be the measurement of con- 
ductor curvature adjacent to the 
clamp. This could be accom- 

plished by measuring the deflec- 
tion of the conductor, relative to 
the clamp. 

3. Deflections of the conductor occur- 
ring within an inch of the clamp, 
even under. severe vibration, 
amount to only a few thousandths 
of an inch. One essential of the 
recording device was therefore a 
sensitivity of 0.0001 inch. 

4. Ability to record vibration on live 
lines was not considered essential 
because adequate test spans were 
available to simulate any existing 
or proposed construction. Tests 
could be made on new lines dur- 
ing construction, and system con- 
ditions were such that many exist- 
ing lines could be interrupted for 
suitable test periods. 

5. Other desirable characteristics of 
the measuring device were the 
ability to record deflections at all 
frequencies up to 60 cycles per 
second, stable calibration, light- 
ness and ruggedness. 

A magnetic method for measurement 
of small mechanical movements, des- 
cribed by Mershon?°?* and others, ap- 
peared applicable to this problem. 
This type of measuring device uses an 
iron magnetic circuit, excited at a rela- 
tively high frequency, usually between 
500 to 2000 cycles per second. The 
length of a small gap in the magnetic 
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SELENIUM 
RECTIFIER 


LOW PASS 
FILTER OSCILLOGRAPH 


Fig. 1—Schematic diagram of vibration recorder. 
A—Core and balanced coils to be mounted on suspension clamp. 
B—Pivoted armature, driven by conductor C through post D. 


E—Bimetal strip to compensate for changes in conductor sag. 
F—Supply voltage, 500 cycles per second. 


circuit is altered by the motion to be 
recorded. The resulting change in im- 
pedance of the exciting coil may be 
made to produce an electrical output 
proportional to the motion. 

Fig. 1 shows some details of the 
device developed for recording conduc- 
Use of the double mag- 
netic circuit shown, resulted in linear 


tor vibration. 


calibration over practically the whole 
travel of the armature. Effect of the 
non-linear relation of resistance to cur- 
rent in the selenium rectifier at low 
current was avoided by using a suitable 
bias current, obtained by initially un- 
balancing the rheostat (G). 
of the recording elements could be 


Sensitivity 


varied to provide ratios of oscillograph 
deflection to conductor deflection of any 
value between 10 and 1000. 

Provision was made for an over-all 
calibration after the magnetic device 
had been installed on the suspension 
clamp as shown in Fig. 2. For this 
purpose a dial micrometer was tempor- 
arily clamped to the device and used 
to indicate displacement of the arma- 


ture produced by lifting or depressing 
the conductor. Correlation of micro- 
meter readings with oscillograph de- 
flections provided a calibration which 
was found to be reliable, and accurate 
to plus or minus five per cent on a one- 
inch oscillograph deflection. The static 
calibration values were found to apply, 
without correction, for the range of fre- 
quencies encountered in power conduc- 
tor vibration. Although measurements 
could be made of conductor deflections 
to within 0.1 inch of a clamp, it was 
customary in field tests to record con- 
ductor motion about three inches from 
suspension clamps. 

Five such units, in conjunction with 
a multiple filter and a six-element oscil- 
lograph, provided continuous records 
of conductor vibration on 5 spans, the 
sixth oscillograph element being used 
for a timing wave. Fig. 3 shows the 
recording equipment in portable form 
as used on high voltage lines during 
construction. 

Provision was made to run the oscil- 
lograph film at a speed of two inches 
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Fig. 2—Magnetic device for recording deflections of conductor relative to 
suspension clamp. 


Fig. 3—Automatic equipment for recording vibration on five conductors. 


Left—Timing device and 500 cycle generator. 
Right—Five-unit control (top) and six-element oscillograph. 
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Fig. 4—T ypical vibration records on 220 kv. line. 
A and B—Skywires 3 inch steel. 

C, D and E—Power conductors. 

795,000 cir..mil a.c.s.r., Drake. 

F—Timing wave, 60 cycles per second. 


per hour, obtaining a continuous record record amplitude, frequency and wave 
of amplitude, and once every half hour, shape. The high speed records were 
to increase film speed momentarily to found to provide the more useful infor- 
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Fig. 5—T ypical damped span vibration records. 


A and B—Skywires with 25-foot festoons of 3 inch steel. 
C—North 795,000 cir. mil a.c.s.r. with 2 Stockbridge dampers per span. 
D and E—Centre and south power conductors with 2 Torsional dampers: 


per span. 


F—Timing wave, 60 cycles per second. 


mation, and in later tests, the low speed 
records hic ye 
shows a typical record obtained on the 
two skywires and three power conduc- 
tors of a 220 kv. line before dampers 
had been erected. Fig. 5 shows a simi- 
lar record after the installation of dam- 


were discontinued. 
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pers on the power conductors and fes- 
toons on the steel skywires. 
ANEMOMETER RECORDS 
The linear relation of vibration fre- 
quency to wind velocity, determined by 
Relf and Ower,' has been generally 
accepted. Nevertheless, it was thought: 
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recording 


Fig. 6—Anemometer for 
instantaneous values of low velocity 
winds. 


desirable to obtain field records of in- 
stantaneous wind velocity, since most of 
the values reported were obtained by 
rotating-cup anemometers which are 
unable to record rapid fluctuations in 
velocity or direction. Following, in some 
respects, the designs of Sherlock and 
Stout,” an anemometer was developed 
for recording instantaneous values of 
wind velocity and direction on the same 
film as the vibration records. Fig. 6 
shows the anemometer, which was cap- 
able of following rapid fluctuations of 
wind velocity and direction and had a 
linear calibration over a range of 3 to 
15 miles per hour. 
Correlation of the 
records with those of conductor vibra- 
confirmed the 


anemometer 
tion have generally 
accepted ideas that most vigorous vibra- 
tion occurs in steady winds at velocities 
of two to ten miles per hour directly 
across the line; that conductors vibrate 
in variable winds, but at lower ampli- 


tudes; and that wind gusts produce no 
appreciable vertical motion of the con- 
ductor. Vibration frequency was occa- 
sionally found to deviate rather widely 
from the accepted relation to wind 
velocity. However, it was concluded 
that wind velocity records, even of the 
instantaneous type, added little to the 
information available from the vibra- 


tion records. 


TEST SPANS 

A number of towers, providing a 
choice of span lengths from 300 to 
1400 feet were available in a level dis- 
trict where aeolian vibration occurs on 
undamped spans about 60 per cent of 
the time. By erecting suitable conduc- 
tors and accessories in these spans, full 
scale models of existing or proposed line 
construction could be provided. 

Comparison of vibration records ob- 
tained on the test spans with those 
obtained on similar spans of new lines 
being constructed, showed close agree- 
ment in maximum amplitude, range of 
frequencies and number of cycles per 
day. It was found also that predictions 
of the performance of vibration suppres- 
sion devices based on records in the test 
spans were confirmed by subsequent 
tests on actual lines. 

Test spans were also provided for 
making endurance tests on 150-foot 
lengths of cable, strung at normal ten- 
sion between concrete piers. At one 
end the cable was supported in a rigid 
clamp; at the other end, a motor drive 
was connected to produce vibration in 
the span at the desired frequency and 
amplitude. 

Test PROCEDURE 

Under normal wind conditions at the 
test spans, it was found that vibration 
records covering a period of two weeks 
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were sufficient to establish the perfor- 
mance of any span. During this period, 
the full range of effective wind veloci- 
ties, vibration frequencies and ampli- 
tudes were encountered, and additional 
records did not affect the average re- 
sults appreciably. In testing damped 


spans, simultaneous records on un- 
damped spans were usually obtained for 
comparison. It was found desirable that 
such undamped conductors be sup- 
ported on separate towers to prevent 
excitation of the damped spans by 


tower vibration. 


In analyzing the field data, certain 
assumptions were made to simplify the 
calculations and to permit presentation 
of the results in graphical form. For 
any one test, at least 500 momentary 
records of amplitude and frequency, 
taken one-half hour apart, were ana- 
lyzed. Each half-hourly record, al- 
though it covered a time of less than 
one second, usually showed cycles of 
varying amplitude. Only the maximum 
amplitude was measured, and this was 
assumed to persist for the entire half- 
hour period. The frequency indicated 
was also assumed to persist for the half- 
hour period. Use of the maximum 
amplitude shown in each record intro- 
duces inthe 
analysis, but this same factor would 


a conservative factor 


occur in analyzing any low-speed vibra- 
tion record, which can register only 
the maximum values of quickly chang- 
ing amplitudes. 

Analyses of the records may be plot- 
ted to show the relations of amplitude, 
frequency, number of cycles per day, 
or number of hours vibration per day. 
The most useful types of graphs were 
found to be those shown in Fig. 7. 
The frequency range determined for 
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Fig. 7—Vibration characteristics of 
79R:000 crs mil a:¢.8.7. Drake in 1150 
foot spans at 5500 pounds tension. No 
dampers. Suspension clamp as shown in 
Lig. 


any particular construction is essential 
information for the design of suitable 
dampers. Ihe number of cycles per 
day at various deflections may be cor- 
related directly with fatigue tests to 
determine the probable life of the con- 
ductor. It is not possible in fatigue 
tests to duplicate the varying ampli- 
tudes and frequencies which occur on 
field spans, but by choosing the fre- 
quency at which maximum. stresses 
occur in the field, and by measurement 
of conductor deflection relative to the 
supporting clamp with the same instru- 
ment used to record field vibration, 
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Fig. 8—Effect of span length and 
tension on vibration of 477,000 cir. mil 
46.5.7: 

A—1400-foot span at 3600 pounds 
tension. 

B—650-foot span at 3600 pounds 
tension. 

C—650-foot span at 1800 pounds 
tension. 

D—Same as A with 2 dampers per 
Span. 
a satisfactory correlation may be 
obtained. 


EFFECT OF SPAN LENGTH AND TENSION 


In order to determine quantitatively 
the effect of variations in span length 
and tension, vibration records were 
obtained on three spans of 477,000 
circular mil a.c.s.r. “Hawk” stranding. 
These spans were chosen to show the 
effects of fifty per cent reductions in 
either span length, tension or both. 
Fig. 8 shows the results obtained. 

Reduction of span length only is 
shown to considerably reduce both the 
number of cycles per day and the 
maximum deflections. Reduction of 
both span length and tension further 
The 


reduces the severity of vibration. 


most significant fact, however, is that 
the installation of effective dampers on 
the longer span at the higher tension, 
provides much better suppression of 
vibration than can be obtained by any 
reasonable decrease in span length and 
tension. 


COMPARISON OF LOOSE-CORE CABLE 
AND A.C.S.R. oF STANDARD STRANDING 


A form of cable described by Preis- 
werk,'? is claimed to be vibrationless 
because of interference between the 
wind-excited outer aluminum envelope 
and the loose steel core. A 1000-foot 
length of this cable (477,000 circular 
mil) was erected in suspension clamps 
on two towers, providing a test span 
of 650 feet, at a tension of 2975 
pounds. The ends of the cable were 
fitted with special strain clamps which 
provided the specified division of ten- 
sion between the aluminum envelope 
and the steel core. On the same towers 
was erected a 477,000 circular mil 
a.c.s.r. “Hawk” stranding at a tension 
of 3600 pounds. Records of vibration 
were obtained on both cables, with 
results as shown in Fig. 9. The loose- 
core cable shows considerably smaller 
deflections, due to vibration, than the 
undamped standard cable and entirely 
eliminates vibration at frequencies 
above 18 cycles per second. The sup- 
pression obtained on the loose-core con- 
ductor is, however, less complete than 
that provided by effective dampers on 
the standard cable. 


COMPARISON OF SUSPENSION CLAMPS 

Because vibrations in adjacent spans 
are seldom of the same frequency, con- 
ductor motions on the two sides of a 
suspension clamp continually shift in 


phase relation. When this relation is 
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Fig. 9—Comparison of standard and 
loose-core a.c.s.r. in 650-foot spans. 

A—477,000 cir. mil a.c.s.r. Hawk at 
3600 pounds tension. 

B—477,000 cir. mil loose-core cable 
at 2975 pounds tension. 

C—Span A with 2 dampers per span. 


such that conductor motion is upward 
(or downward) on both sides of the 
clamp simultaneously, it is evident that 
_ the clamp, no matter how light or well 
pivoted, will remain stationary, and will 
react on the conductor as a rigid clamp. 
Thus an ideal clamp with zero pivot 
friction and zero inertia could be ex- 
pected to reduce the number of stress 
cycles, but not to reduce the maximum 
stresses. Field measurements show that 
available types of pivoted suspension 
clamps fulfil this condition. Fig. 10 is 
a record of deflections on opposite 
sides of the suspension clamp shown in 
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Fig. 2, which shows the instantaneous 
conductor stresses to be equal on oppo- 
site sides of the clamp. 

An attempt to overcome this limi- 
tation of the single pivoted suspension 
clamp resulted in development of a 
whiffletree clamp which consists of a 
bar about three feet long, supported at 
its centre, and carrying a suspension 
clamp at each end as shown in Fig. 11. 
A comparison of this form of clamp 
with the single suspension clamp is 
shown in Fig. 12. 

The benefit of the double suspension 
indicated in these tests has been con- 
firmed by field experience, in which a 
decided reduction in the rate of fatigue 
breaks has been obtained over a 10- 
year period of observation, in compari- 
son with single suspensions. 


New DaAmpER DEVELOPED 


In the course of these investigations, 
a new principle was employed in the 
suppression of aeolian vibrations, which 
resulted in development of an effective 
and economical damper. It is well 
known that when a vertical motion is 
imparted to a 1000-foot undamped 
span of power conductor, the resulting 
travelling wave may be clearly identi- 
fied after several cycles of travel between 
towers. It was observed that when a 
torsional motion was imparted to the 
same span, the resulting torsional wave 
attenuated much more rapidly. A con- 
verter to transform the wind-imparted 
vertical oscillations to highly damped 
torsional waves is, in its simplest form, 
a mass clamped to the conductor with 
its centre of gravity horizontally dis- 
placed from the centre of the con- 
ductor. 

On certain conductors, having excep- 
tionally high torsional damping, the 
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Fig. 10—Conductor deflections recorded on opposite sides of rocking-type 
suspension clamp. 

A and B—Deflections measured 3.5 inches from suspension clamp. 

C—Timing wave, 25 cycles per second. 


rigid eccentric weight is reported’* to simple torsional damper did not give 
give satisfactory suppression of aeolian the desired degree of suppression. A 
vibration. However, on long spans of | modification of this damper, employing 
a.c.s.r. at high mechanical tension, the a resilient joint at the centre of gravity 


Fig. 11—Whiffletree suspension clamp on 477,000 cir. mil a.c.s.r. with deflec- 


tion recorder mounted on ring-type suspension clamp. 
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Fig. 12—Comparison of single and 
double suspension clamp on 477,000 
cir. mil a.c.s.r. Hawk in 650-foot spans 
at 3600 pounds tension. 

A — Single ring-type suspension 
clamp. 

B—Two ring-type suspension clamps 
on 30-inch whiffletree. 

C—Single clamp on span equipped 
with dampers. 


of the weight, permitted more effective 
and economical design, and showed the 
following advantages in operation: 


1. The resilient connection between 
the weight and conductor lessened 
the possibility of stress concentra- 
tion in the conductor at the point 
of attachment. 


2. Use of a material with suitable 
damping characteristics such as 
rubber or Neoprene in the resil- 
ient joint, increased the effective- 
ness of the damper. 


3. By properly proportioning the 
damper weight, moment of in- 
ertia, arm length and resilience 
of the joint, effective suppression 
of aeolian vibration could be ob- 
tained over the entire range of 
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Fig. 13—Torsional damper for 795,- 
000 cir. mil a.c.s.r. 


frequencies encountered on any 
particular conductor. 


The determination of optimum values 
for these factors was guided by mathe- 
matical analysis’® but in all cases, de- 
signs arrived at by theoretical consider- 
ations were checked for performance 
on wind-excited spans. Fig. 13 shows 
a design of torsional damper found 
effective on 1150-ft. spans of 795,000 
cir. mils SWrake mate O00 
pounds tension using two dampers per 
span, one mounted 6 feet from each 
suspension clamp. 


ALCiSek. 


COMPARISON OF DAMPERS AND 
REINFORCING DEVICES 


Devices designed to suppress the am- 
plitude of vibration throughout the 
span to.a value which will not produce 
fatigue failures in the conductor, are 
properly called “dampers” and in this 
investigation two forms were tested, the 
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(D) TORSIONAL DAMPERS 


Fig. 14—Vibration control devices 
for 795,000 cir. mil a.c.s.r. in 1150-foot 
spans at 5500 pounds tension. 

A—Six-foot cable absorber. 

B—Tapered aluminum armor rods. 

C—Stockbridge dampers, two per 
Span. 

D—Torsional dampers, two per span. 


well-known Stockbridge damper, and a 
newly-developed Torsional damper. 


Devices which act primarily as rein- 
forcements effect only a small reduction 
in vibration amplitude throughout the 
span, but by stiffening the conductor 
in the region where failures usually 
occur, seek to prevent stress concentra- 
tion. Of this type, two devices were 
tested: the well-known tapered alum- 
inum armour rods which form a spiral 
wrapping around the conductor, and a 
cable absorber consisting of a six-foot 
length of the power conductor, carried 
above the main conductor in a double- 
barreled clamp, its ends fastened to the 
main conductor with light aluminum 
clamps. 


A comparison of these four devices, 
installed as shown in Fig. 14, was 
made on spans representing a proposed 


220 kv. line. The essential informa- 
tion for comparing their effectiveness 
is plotted in Fig. 15 but examination 
of the oscillographic records discloses 
other differences in operation. Spans 
equipped with reinforcing devices 
vibrate throughout the same range of 
frequencies as the undamped span, 
whereas dampers suppress all but the 
lowest frequencies. The Stockbridge 
damped span permitted vibrations at 
frequencies up to 3 cycles per second 
and deflections of 0.003 inch, of which 
a typical record is shown in Fig. 9. 
On the Torsional damped span, no 
deflections exceeding 0.001 inch were 
recorded, and no single frequency could 
be identified to indicate resonant vibra- 
tion. 

The possibility of extending the effec- 
tive frequency range of torsional damp- 
ers still lower, to suppress galloping 
of conductors has been considered. 
Present conceptions of a damper to be 
effective at 0.5 cycles per second 
appear unreasonably large for general 
use. 

ESTIMATE SAFE DEFLECTION 

For any conductor, under normal 
tension and supported in a specified 
clamp, there is some value of alternat- 
ing deflection which the conductor will 
withstand indefinitely without fatigue 
One method of determining 
this value would be to vibrate speci- 


failure. 


mens of the cable at normal tension 
deflections until a 
strand failure occurs. By plotting a 
curve of deflection on number of cycles 
to failure, the deflection which the 
cable can withstand indefinitely may be 
determined. This procedure, especially 


and at various 


for large aluminum conductors which 
vibrate normally at low frequencies, 


VoL. XXVIIE NG vee 


mae BULLETIN 


265 


HH THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO TITIINUIQIIIIITIITIIIITITIMTINI 


and which may require up to 300 mil- 
lion cycles to produce failure, is not 
considered justifiable until further in- 
vestigation has determined the effects of 
such variables as corrosion, infrequent 
overstresses such as those produced by 
galloping conductors, surface defects 
or abrasions. ‘These uncertainties must 
now be allowed for by an arbitrary 
safety factor. 


The fatigue characteristics of an 
aluminum strand subjected to bending 
stress reversals, but without tension 
load, may be determined readily on a 
high speed fatigue test machine such 
as the Haigh-Robertson.> As shown in 
Fig. 16, the stress-life relation is such 
that if a stress which causes failure in 
one million cycles be reduced by 50 
per cent, infinite life can be expected. 
Similarly, a stress reduction of 30 per 
cent will increase a ten million cycle life 
to infinity. 

Little information is available con- 
cerning the fatigue characteristics of 
aluminum under the combined stresses 
of tension and reversed bending. It 
has been shown? that for steel, the 
superposition of tension on reversed 
bending stresses reduces the allowable 
stress range, but that the shape of the 
S-N curve is not greatly altered. Assum- 
ing that a similar relation exists for 
aluminum, it should be possible, for a 
single endurance test on a stranded con- 
ductor at a measured deflection, to esti- 
mate the safe deflection below which 


fatigue 


failures would not 


occur. 
For example, an endurance _ test 
was carried out on a _ 477,000 


circular mil a.c.s.r. at 3,600 pounds 
tension, set up to approximate the 
field test conditions of Curves A 
or B, Fig. 8. The cable was vibrated 
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A—Six-foot cable absorber. 

B—Tapered aluminum armor rods. 

C—Stockbridge dampers, two per 
span. 

D—Torsional dampers, two per span. 


E—Undamped span. 


to produce a deflection of 0.006 inches 
at a distance 2.7 inches from the clamp, 
and the first strand failure occurred at 
26 million cycles. From Fig. 16, it 
appears that a stress reduction of 20 
per cent would have prolonged con- 


ductor life to infinity. Referring 
again to Fig. 8, the estimated 
safe deflection for the conditions 


of Curves A and B would be 
0.006 x 0.80—0.0048 inch. 


A third method, which was used in 
estimating the safe deflection shown in 
Fig. 14 is based upon operating experi- 
ence with the actual conductor. Sev- 
eral hundred miles of 795,000 circular 
mil a.c.s.r. equipped with cable absorb- 
ers as shown in Fig. 14 have been in 
operation for 10 years. Periodic in- 
spections have shown no fatigue fail- 
ures at suspension clamps. Curve A 
of Fig. 15 shows that this construction 
has withstood deflections exceeding 
0.006 inch totalling 0.030 megacycles 
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STRESS IN THOUSANDS OF POUNDS PER SQUARE INCH 


CYCLES TO FAILURE j 
Fig. 16—Fatigue curve for 0.1059 


inch diameter aluminum wire as deter- 
mined with Haigh-Robertson machine. 


per day, or about 100 million cycles 
in the 10-year period. Fig. 16 shows 
that a stress reduction of 15 per cent 
would increase conductor life from 100 
million cycles to infinity, hence the 
estimated safe deflection-is 0.006 x 0.85 
== 00051 ach, 


CONCLUSIONS 


1. Vibration of large diameter con- 
ductors used in modern a.c.s.r. long 
span construction without protective de- 
vices, may be expected to produce 
fatigue failure of single strands in a 
few months to a few years, depending 
upon such factors as span length, ten- 
sion, conductor diameter and wind con- 
ditions. 


2. Reduction of both span length 
and tension by fifty per cent provides 
less reduction in vibration stresses than 
is accomplished by the application of 
suitable dampers. 


3. A special stranding “loose core” 
a.c.s.r. effectively suppresses vibration 
in the upper range of frequencies. The 


over-all suppression is, however, much 
less effective than that provided by 
dampers on a.c.s.r. of standard strand- 


ing. 


4. Reinforcing devices such as 


armour rods, are much less effective 
than dampers in reducing vibration 
stresses on large a.c.s.r. conductors. The 
advantage of reinforcing devices in pro- 
tecting conductors from flashover burns 
may be offset by wear or strand break- 
age under improperly installed or 
loosened clamps due to vibration. | 


5. Available dampers reduce conduc- 
tor deflections well below the limit indi- 
cated as safe both by operating experi- 
ence and by fatigue tests on conductors. 
The factor of safety thus provided is 
considered adequate to cover all uncer- 
tainties in field observations or in esti- 
mating fatigue limits for the conductors. 
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Georgian Bay Municipal Electric 
Association 


HE annual meeting of the Geor- 

gian Bay Municipal Electric 

Association was held on Tues- 

day, August 26th, on board 
the C.P.R., S.S. Kewatin sailing out 
of Port McNicoll and cruising on the 
waters of Georgian Bay. A meeting 
qf the Executive of the Association 
was held in Penetanguishene at 10 
a.m. on the morning of the same day. 
The cruise started at 2 p.m. and con- 
tinued until 8.30 p.m. standard time. 
The meeting was sponsored by the city 
of Owen Sound, and in the absence 
of the mayor and chairman of the 
Public Utilities Commission who were 
unable to attend, the delegates were 
welcomed by J. R. McLinden, the 
manager of the Public Utilities Com- 
“mission. 

At 1 p.m. an executive meeting of 
the O.M.E.A. was held on board the 
boat. Vice-presidents W. R. Strike of 
Bowmanville, District No. 1, A. Menary 
of Grand Valley, District No. 2, K. A. 
Christie, K.C. of Toronto, District No. 
a Pains Lock ‘of< St. Lhomas, District 
No. 7, and Garnet Edwards of Wind- 
sor, District No. 8, as well as the sec- 
retary-treasurer, Miss K. Ciceri of 
Guelph, and the president, Dr. W. J. 
Chapman of St. Catharines, attended 
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this meeting and also attended the 
meeting of the Georgian Bay Electrical 
Association, which was held in the 
dancing salon of the Kewatin with 
President A. Menary of Grand Valley 
in the chair. 

The main topic of discussion cen- 
tered on the recent unemployment in- 
surance regulations of the federal gov- 
ernment as affecting local public utili- 
ties’ and Hydro commissions’ employ- 
ees, A. J. B. Gray. of the Provincial 
Department of Municipal Affairs was 
on board the boat, and at the request 
of the delegates, addressed the meeting 
on the application of the Federal Act 
and explained the efforts that were 
being made to clarify the situation 
with respect to the employees of muni- 
cipal bodies. The matter of licensing 
electricians and journeymen doing wir- 
ing work in the various municipalities, 
was also thoroughly discussed with the 
object of protecting the public against 
unsatisfactory workmanship and enabl- 
ing wiring work to be performed by 
competent workmen. No definite con- 
clusion for taking immediate action 
was reached, although considerable pro- 
gress was made towards bringing this 
matter to an early settlement. 


R. T. Jeffery, Chief Municipal En- 
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gineer of The Hydro-Electrical Power 
Commission of Ontario, addressed the 
meeting on matters pertaining directly 
to the Georgian Bay system. He ex- 
plained that due to the frequency 
changing equipment at Chats Falls and 
Hanover, practically all of the power 
facilities of Southern Ontario were be- 
ing pooled for the benefits of the three 
major Hydro systems in that area; 
viz., Niagara system, Eastern Ontario 
system and the Georgian Bay system. 
Mr. Jeffery also reviewed the financial 
setup of the Georgian Bay system, ex- 
plaining the advantage of the stabili- 
He touched on 
the generating plant capacity of the 
eleven hydro-electric plants and the 


zation of rates reserve. 


two frequency changing stations com- 
prising the system’s source of supply, 
and pointed out the benefits derived 
from the Niagara connection. Due to 
low flow water conditions during the 
present summer season, the Hanover 
frequency changing sets were being 
operated at maximum output and were 
supplying over 1/3 of the peak capacity 
and over 15 per cent of the energy 
of the entire Georgian Bay system 
requirements. Mr. Jeffery pointed out 
that the combined capacity of all of 
the Georgian Bay system’s hydro-elec- 
tric plants plus the Hanover frequency 
changing sets, was 49,050 horsepower, 
and that the system peak load during 
the month of July of this year had 
reached 49,897 horsepower, all of 


which indicated the need of the Big 
Eddy development now under construc- 
tion on the Musquash river with an 
installed capacity of 10,000 horsepower. 
He stated that every effort had been 
made to place this development in 
operation by September Ist of this 
year, but on account of priority require- 
ments of material required for munition 
purposes and war effort, the Commis- 
sion had been unable to carry out this 
programme, and therefore the plant 
could not be placed in operation until 
about November of this year. 

Dr. Chapman, the President of the 
O.M.E.A., also addressed the meeting, 
and stressed the advantages of co-oper- 
ative effort and the relationship of the 
various local sections to the parent 
O.M.E.A. body. 

The matter of the date and meeting 
place of the next meeting of the Associ- 
ation was left to the decision of the 
Executive, and various delegates 
stressed the advantage of holding future 
meetings on board the S.S. Kewatin as 
evidenced by the success of the last two 
annual meetings. The attendance at this 
meeting was given out as 387 adults and 
67 children, a total of 454, with the 
returns from the sale of tickets result- 


ing in a profit for the Association of 
between $80.00 and $90.00. The entire 
meeting was pronounced as highly satis- 
factory and successful both from the 
standpoint of profit and pleasure to all! 
of the participants. 
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‘Transmission of Electricity at Higher 
Voltages in Canada—Historical 
and Trends 


By A. E. Davison, Transmission Engineer, Electrical Engineering 
| Department, H.E.P.C. of Ontario 


ONG distance transmission has 
played an important part in 
the development of this coun- 
try, since in a large part of 

Canada coal, either to be transported 
to point of use or burned at mine 
mouth isequite lunited.. “Lhe result 
is that practically all generation is hy- 
draulic. This power must be transmit- 
ted from remote points to manufactur- 
ing and consumer centres. 


EARLY PROBLEMS 


Just prior to 1900 there was a now 
famous controversy in which Lord Kel- 
vin took part, regarding the difficulties 
of transmitting power at the now lower 
voltages of the order of 11,000 volts 
from DeCew Falls (south of St. Cath- 
arines) to Hamilton. Very shortly after 
that, transmission was undertaken at 
66,000 volts in such areas as the Nia- 
gara Peninsula, Montreal district, and 
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Manitoba. The transmission problem 
was becoming acute because of the 
amounts of power to be delivered and 
because of the distances to be reached. 
One of the earlier steps was to change 
the then highest voltage for pin type 
insulators to 88,000 volts between Nia- 
gara Falls and Toronto, thereby creat- 
ing practically a peak voltage for pin 
type insulators. ‘This voltage was not 
satisfactory for the demands of the 
Montreal district or to serve London or 
Windsor from Niagara Falls, with the 
result that about 1910 a major step 
was taken in the insulation of elec- 
trical conductors and in the develop- 
ment of still higher voltages. Suspen- 
sion insulators were introduced first 
for and by the Hydro-Electric Power 
Commission between Niagara Falls and 
Kitchener, and at about the same time 
to serve, among other areas, the Mont- 
real and Winnipeg districts. 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discussion 
of “Hydro” matters and to maintain 
the co-operative spirit between muni- 
cipalities, as well as between muni- 
cipalities and the Commission. Articles 
of interest are invited for publication. 


These new suspension-equipped pow- 
er services were well established dur- 
ing the period of the Great War and 
Canada experienced during that period 
a major industrial development. ‘This 
type of insulation has now become stan- 
dardized and can be used with little 
change for almost any higher voltage. 

For more detailed records of the 
genesis of power transmission in On- 
tario, Wills Maclachlan as president of 
the Royal Canadian Institute has re- 
corded many facts in the Proceedings 
of that institute for 1940-41. Men who 
superintended the earliest installations 
in Canada are still associated with the 
management of works assembled as 
early as 1881 to 1884. 


ALUMINUM CONDUCTORS STEEL 
REINFORCED 

Up to about the time of the Great 
War, copper had been largely used in 
both distribution and transmission ser- 
vices, although all-aluminum conduc- 
tors had been used in the Caledon dis- 
trict, and in 1902 eight-five miles of 
the latter conductor were erected be- 
tween Shawinigan Falls and Montreal. 
About that time aluminum, with its 
steel reinforcements, became a com- 


Four 230 kv., single circuit transmission lines on one route near Toronto; not 
all of one kind as the sky cables have been raised eight feet in the most recent 


(1940) construction at the right. 
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Double circuit, 110 kv. rege Tor- 
onto-Fairbank transformer station, built 
in 1940. 


petitor, and its use, once established, 
became very extensive, especially at 
the higher voltages. Also, during the 
Great War steel for transmission line 
supports was not available, with the 
result that during that war wood poles 
were introduced for the support of 
higher voltage conductors. ‘That devel- 
opment also has grown extensively in 
the meantime both in Canada and the 
United States. In the latter country, 
there has been a trend towards wood 
supports for higher voltage lines, largely 
because the electric services were being 
extended to less densely populated areas 
and to smaller prospective loads. ‘The 
cheapest type of construction possible 
was necessary. _ 


There has been of the order of the 
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Substantial, twin pole, 110 kv. struc- 
tures like this now serve important in- 
dustries in many Canadian districts. 


same mileage of wood and of steel 
supports for 110 kv. and 132 kv. lines 
built during the past twenty years in 
Canada. 


About 1928, two hundred and thirty 
thousand volts was introduced, with 
the result that there are now two 
Canadian systems having lines built 
and insulated for 230-kv. During 1941, 
one of these systems will be operating 
approximately 1200 circuit-miles, the 
longest practical transmission distances 
in this system being from 330 to 350 
miles. 


LIGHTNING PROTECTION 


Apart from a group of troubles, in- 
cluding actual mechanical overloadings 
which sleet or glaze create for trans- 
mission engineers, lightning is a con- 
tinuing problem. Earlier lines in Can- 
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* 
Wishbone 
wood pole serving a mining district, 
angle on single pole 13 deg., guy 1s 
above conductors. 


construction.—-1 10, “kv. 


ada were not designed with lightning 
voltages in mind. ‘The interruptions 
would be the concern of the consumer; 
however, it was not long until some- 
thing had to be done about broken 
insulators and about consumer dissatis- 
One of the earlier practices 
was to install an earthed wire supported 
by a bayonet type of pole extension 
The first of 
these, now abandoned on the particular 
line—which decision was affected by 
the availability of arresters at terminals 
—was made of barb fence wire ma- 
terial. Especial attention was given to 
the design of the barbs. 


faction. 


above the power wires. 


Today few lines indeed are built for 
voltages above 44 kv. without an 
earthed or sky cable, the efficiency of 
which depends largely upon the extent 
and thoroughness of the grounding. 

At lower voltages the sky cable is as 
frequently omitted largely because of 
the existence on the structure, gener- 
ally below the main power conductors, 
of a neutral wire which must be thor- 
oughly grounded and which is associa- 
ted with the lower voltage distribution 


This (1939) spire-type, steel tower 
supports 477,000 cir. mil a.c.s.r.; the 
sky cable is elevated more than usually, 
and the cable spacings have been in- 
creased. 


circuits usually found there. Sky cables 
are not a guarantee against lightning, 
with the result that buried cables are 
sometimes carried from tower to tower 
and electrically connected to them. 
These, if installed and maintained two 
at a time, each one under the outer 
power wires, together with a thoroughly 
grounded sky cable, if it is high enough 
above the power cables, may be ex- 
pected to provide a nearly lightning- 
proof line. 
CONTRIBUTIONS TO MINING 

During the past twenty years, one 
outstanding feature of Canadian trans- 
mission has been the facilitating of the 
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Double circuit (1940), 230 kw. lines 


are new to Ontario. All cable clear- 
ances are larger than heretofore. The 
conductor is 1.02 inch, hollow core 
segmented copper. 


mining of precious metals. It would 
appear from practice that hydraulically 
generated power and plenty of it is 
fundamental to the production of gold 
as found in Canada. 


Some of the more outstanding, if not 
spectacular, characteristics of lines and 
systems set up for the production of 
precious metals have to do with trans- 
port and patrol difficulties, and with 
comparatively new physical conditions 
because of the remoteness of the terri- 
tory through which these lines are run. 


PRESENT Day ‘TRENDS 
Trends are generally toward longer 
transmission distances, which means 
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higher voltages. This appears to apply 
to all voltage classifications from that 
of the 110-volt lamp and its associated 
wiring, where there is a tendency to 
step up a volt or two at a time, to 
the highest transmission voltages of 
230, 287 and 330 kv. As voltages in- 
crease, the loads and hence the impor- 
tance of the individual lines and their 
routes increase. Service security is 
sought by increasing the spacing of the 
already mechanically stronger conduc- 
tors and by increasing the number of 
earthed wires above and below ground. 
In some areas there is a tendency to- 
ward single-circuit construction with, as 
soon as they can be secured, loops or 
duplicate service other than on the same 


110 kv., double circuit, semt-anchor 
tower. 
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BOX ERANS MISSION LINE (= LENGTH 22) MILES 


“= 50 STANDARD SUSPENSION TOWERS, TYPE “A’- 24 ft to 59 ft HIGH 
ADJACENT SPANS FROM 446 ft to 1497 ft 


19 LONG SPAN SUSPENSION TOWERS, TYPE “BY, 24ft to 54 ft HIGH 
ADJACENT SPANS FROM 476 ft. to 2237 ft 


- 14 SEMI ANCHOR SUSPENSION TOWERS, TYPE C, 24ft to 54ft HIGH 
ADJACENT SPANS OF 476 ft to 2109ft SET AT LINE ANGLES OF 10° to 14° 


22 HEAVY ANGLE SUSPENSION TOWERS, TYPED’, 24ft to 64ft HIGH 
ADJACENT SPANS OF 393 ft to 2207ft SET AT LINE ANGLES OF 4°33’ to 35°38" 


1 SPECIAL HEAVY ANGLE SUSPENSION TOWER, TYPEE, 24 ft HIGH 
ADJACENT SPANS OF ISO4 ft and 1780 ft SET AT LINE ANGLE OF 49° 


TOTAL N° OF TOWERS 106 WITH A TOTAL WEIGHT OF 476,000 Ibs., 
OR 4500 lbs PER TOWER TOWER SPACING = 4.85 SPANS PER MILE 
FURNISHED BY THE CANADIAN BRIDGE COMPANY 


RIGHT OF WAY CLEARED = 99 ft WIDE LINE VOLTAGE = 66,000 

TYPE K % COPPER WELD — 30%, CONDUCTIVITY -7 STRAND — 512 Ibs PER 1000 Ft 
OUTSIDE DIAMETER OF CABLE 0.476 inches WORKING STRESS = 70001bs 
DESIGN - 81bs of WIND and 4 of ICE at O°F TEMPERATURE 
TEMPERATURE VARIANCE — 20°F to 120°F NET WEIGHT =178000Ibs 
MINIMUM GROUND CLEARANCE IS 16 FEET 
COMMUNICATION BY NORTHERN ELECTRIC POWER LINE CARRIER EQUIPMENT 
FOR OPERATION ON 110 VOLT SINGLE PHASE 60 CYCLES. 

INSULATORS - CANADIAN PORCELAIN N° 4700 BALL AND SOCKET TYPE UNITS 
10" DIAMETER BY 5S" DEEP ULTIMATE STRENGTH = 15,000 Ibs. 
STRAINS COMPOSED OF 7 UNITS ---- SUSPENSION OF 6 UNITS 
TOTAL WEIGHT OF INSULATORS = 43,000 lbs 


E. M. Stiles in the Canadian Institute of Mining and Metallurgy, August 1940, 
decribes in engineers language the construction in 1938 of this 22 mile, steel | 
supported, 107 span, 60,000 volt, suspension equipped, No. 0 copper, 3300 horse 


power line in North-West Saskatchewan some 300 miles removed from waterways, 


Alberta, as follows: 


“Matters not cared for in the design were the fires that ruined four reels of 
cable, tower parts that turned up missing, corduroy trails that sank, ‘no see °ums’ 
that bite, men who qutt—all the trrmmings of a lineman’s work in the bush, 
getting 350 tons of valuable material into its allotted place.” 


SEPTEMBER, 


1941 


At Left:— 

The 66 kv. insulators operating in 
the mountainous mining areas of Brit- 
ish Columbia supplying power for the 
Pioneer and Bralorne Gold Mines, 
Bridge River district, are frequently 
subjected to conditions shown in this 
photograph. Deposits of snow are not 
infrequent but seldom cause serious 
trouble in the quite clear atmospheres 
in which they operate. Silver thaws at 
tumes load up conductors and insulators 
in somewhat the same way with hoar 
frost. These lines are owned and oper- 
ated by the Bridge River Power Com- 
pany, Ltd., a subsidiary of the British 
Columbia Power “Corporation, Ltd.” 
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There is abroad a marked 
tendency in service security toward 
building long inter-system tie lines. 
Just as during the last war, certain 
materials used in peace time pursuits 
presently will not be available. Wood 
supports and aluminum conductors then 
became well established. In this war 
period, copper seems to be the more 


structures. 


available. 
High-speed switching is solving many 
of the transmission engineer’s problems 


inasmuch as it appears possible now for 
commercial loads to be tripped off long 
enough to relieve lightning voltages and 
returned without any customer incon- 
venience. 

Direct current transmission, which 
has certain apparent advantages, is not 
progressing rapidly, being generally in 
experimental trial in a very few loca- 
tions. It awaits further development of 
economic satisfactory terminal equip- 
ment. 


Central Canada Exhibition, Ottawa 


HE Central Canada Exhibition, 

Ottawa, was carried on this 

year from August 18th to 23rd. 

The exhibition was not held in 
1940 due to the war, but the directors 
decided to hold it this year having 
the approval of both the Dominion and 
Provincial Governments who were of 
the opinion that the fair would stimu- 
late interest in agricultural production 
and also be a medium of showing the 
public the extent of Canada’s partici- 
pation in the war. 

As the permanent buildings of the 
exhibition were troops or 
equipment of the active army, the exhi- 
bition displays were entirely under can- 
vas which required the erection of some 
132 tents. ~The ymayjonty.ot, the tents 
were placed to the east and south of 
the grandstand oval and therefore did 
not interfere with the usual activities 
in front of the grandstand. 

The Hydro-Electric Power Commis- 
sion of Ontario and the Ottawa Hydro- 
Electric Commission together sponsored 


housing 


an educational war time exhibit. <A 
large tent 40 ft. by 70 ft. was erected 
with an adequate stage at one end and 
a seating accommodation of 230 chairs. 


The program consisted of cooking 
demonstrations in the afternoons, and 
the Hydro pictures “The Bright Path” 
and “Keepers of the Light” were shown 
four times each evening. 

The cooking demonstrations indi- 
cated the part that electricity can play 
in connection with the war effort in 
our homes in saving time and money. 
This was particularly emphasized by 
the use of ingredients that are plenti- 
ful in place of those of which there is 
a shortage. The cooking demonstra- 
tions were attended by approximately 
1,800 people during the week. The 
films portrayed the development of the 
natural water-power resources of On- 
tario and the great expansion of the 
growing need for electricity in Ontario. 
Hydro’s contribution to the production 
of vital war material in the electrically 
operated industries of the province was 
also graphically portrayed. Over 5,000 
people viewed these pictures. S. W. 
Caniff, General Manager of the Ottawa 
Hydro-Electric Commission and _ his 
staff gave the Commission every pos- 
sible co-operation and through the com- 
bined effort very satisfactory results 
were obtained. 
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Measurements of Temperature 


Electrical Pyrometers 


HERE are three principal 

methods of measuring tempera- 

ture electrically. The first is 

based on the variation of the 
electrical resistance of a metal with its 
temperature, the second on the elec- 
tromotive force set up in an electrical 
circuit comprising two dissimilar metals 
when the two junctions of those metals 
are at different temperatures, and the 
third on the fact that the intrinsic bril- 
liancy of a luminous body depends on 
its temperature. Devices operating on 
the first principle are known as re- 
sistance thermometers and those on the 
second as thermo-electric or radiation 
pyrometers accordingly as the active 
junction is directly exposed to the meas- 
ured temperature, or is placed at the 
focus of a mirror which receives radiant 
energy from the source of high temp- 
erature to be measured. Devices oper- 
ating on the third principle are called 
optical pyrometers; an image of the 
source of high temperature is focused 
on the filament of an electric lamp 
and the temperature is measured by 
the current in the filament of the lamp 
that is required to make its brightness 
exactly match that of the image. Radia- 
tion and optical pyrometers have an 
inherent accuracy inferior to that of 
the more directly operating resistance 
and thermo-electric devices. 


RESISTANCE THERMOMETERS 
The resistance thermometer is the 
most versatile of electrical temperature 
measuring devices. The resistance of 
the thermometer coil is measured by 
comparing it with that of electrical 
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components consisting of alloys having 
resistances that are unaffected by temp- 
erature change. The electrical power 
for operating the indicating instrument 
depends not only on the change of re- 
sistance of the thermometer coil but 
also on the electrical power put into 
the whole circuit, and by increasing 
this power input the instrument power 
can be made ample for indicating small 
temperature changes of the thermo- 
meter coil without sacrifice of robust- 
The resistance 
thermometer suffers from the drawback 


ness of construction. 


that an external source of power is 
necessary, and its accuracy depends on 
the constancy of the current drawn 
from this source; the equipment must 
therefore include some device either for 
compensating for changes of the input 
current or for maintaining this cur- 
rent at a constant value. 


The thermo-electric thermometer or 
pyrometer is the simplest of all de- 
vices for the electrical measurement 
of temperature because it produces the 
electrical power required for operating 
the indicator. As the indicator is re- 
sponsive to a temperature difference, 
either one junction of the dissimilar 
metals of the circuit must be maintained 
at a constant datum temperature or 
the mechanical zero of the indicator 
must be maintained by hand or auto- 
matic adjustment at a value corres- 
ponding to this inactive junction tem- 
perature. The power available for 
measuring temperatures under 500 deg. 
fahr. is so small that specially delicate 


construction of the indicator is re- 
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quired. Although the resistance ther- 
mometer is generally more convenient 
for measuring moderate temperatures, 
the thermo-electric method is usefully 
applied for measuring the internal 
temperature of large electrical ma- 
chines, because the junctions are so 
compact that they can be built into 
windings. 
BASsE-METAL COUPLES 

The highest accuracy and the great- 
est range of temperature measurement 
by the thermo-electric method are 
given by the use of junctions or couples 
composed of rare metals such as plat- 
inum and rhodium. For temperatures 
up to 1,200 deg. fahr. base-metal 
couples are used, not only because they 
are cheaper but also because they give 
more power for instrument operation 
Phe shie 
of a base-metal couple exposed to a 
temperature of about 1,200 deg. is 


than do rare-metal couples. 


necessarily limited, and towards the 
end of the life of a couple its accuracy 
is likely to fall off seriously. 

As inaccuracy in a thermo-electric 
pyrometer is difficult to detect, special 
interest attaches to the results of an 
investigation recently carried out by 
the United States National Bureau of 
Standards on the useful life of base- 
metal couples of three types under 
various temperature conditions. Iron- 


Constantan couples maintain good 
accuracy with 1,000 hours’ exposure to 
temperatures up to 1,200 deg. fahr. 


With higher temperatures the electrical 


indication tends to be low and the life 
to become less, failure taking place 
after 12 hours’ exposure to 2,000 deg. 
and after 300 hours’ exposure to 1,600 
deg. Similar but somewhat better re- 
sults were obtained with Chromelo- 
Constantan couples. 


Couples of 
Chromel-Alumel gave a useful life of 
100 hours up to 2,000 deg. fahr., with 
a tendency for the electrical indication 
to be high with temperatures above 
1,200 deg. 

The results of this investigation show 
that the conditions in which a base- 
metal couple are used should not be 
changed if the highest accuracy is re- 
quired. A couple that will give accur- 
ate results for temperatures below 1,000 
deg. should not be exposed to any 
higher temperature, else the accuracy 
at moderate temperatures around 500 
deg. may suffer. The position of a 
couple in a furnace should never be 
altered after it has been installed. It 
is even inadvisable to remove a couple 
for calibration in a laboratory furnace. 


The accuracy of the indication of a 
thermo-electric pyrometer depends 
jointly on the accuracies of the couple 
and of the indicating instrument, and 
freedom from error cannot be inferred 
from good condition of the instrument. 
The Bureau of Standards investigation 
shows that users of couples for tempera- 
tures above 1,000 deg. should realize 
that the useful life is terminated not 
by actual failure but by falling-off of 
accuracy.—T'rade and Engineering. 
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The Functions of a Local Commission 


By J. Albert Smith, M.L.A., Commissioner, The Hydro-Electric 
Power Commission of Ontario 


HE Ontario electrical enter- 
prise which we know as “The 
Hydro” is unique in its organi- 
It differs 
from other electrical supply organiza- 
tions throughout the world in its origin, 
aims, political relations and control. ‘The 
control of this great complex organiza- 
tion is vested in The Hydro-Electric 
Power Commission of Ontario, ap- 
pointed by the Provincial Government. 
Each municipality, however, has _ its 


zation and functions. 


own commission to manage the oper- 
ations of its local Hydro system, and 
it is in regard to the functions of these 
municipal commissions that I have been 
requested to address you today. 


To convey an understanding of the 
duties and functions of the local Hydro 
commissions, it is essential first to out- 
line briefly the functions of ‘The Hydro- 
Electric Power Commission as_ these 
functions are closely interrelated to the 
functions of the local commissions. 


The original legislation, the Act of 
1906, as amplified and extended by 
“The Power Commission Act” of 1907 
provided for the appointment of a com- 
mission named “The Hydro-Electric 
Power Commission of Ontario”. In 
this Commission was vested supervisory 
powers and authority to act for the co- 
operating municipalities, and also for 
the Provincial Government, which 
loaned the funds necessary to construct 
power plants, transformer stations and 
transmission lines to supply the power 
required under this scheme. 


An address tothe Eastern Ontario Municipal Elec- 
trical Association at Oshawa, September 16th, 1941. 
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It is important to note that the orig- 
inal legislation defining the principles 
which were to govern this undertaking 
was drafted on the basis of a co-oper- 
ative scheme. 


The men who drafted the original 
Hydro legislation built on a sound foun- 
dation, because in spite of many 
changes made in the Act throughout the 
years there has been no material change 
made in the original co-operative prin- 


ciple. 


The Act provides that each co-oper- 
ating municipality shall sign a con- 
tract with the Commission for a supply 
of power, and gives the Commission 
authority to make such arrangements 
and expenditures as it considers neces- 
sary from time to time to produce, 
procure and supply the power require- 
ments under these contracts. This Act 
also defines the basis on which the 
charges for power supplied shall be 
allocated and billed to each of the co- 
operating municipalities. 


Amendments to this Act have, of 
course, been made from time to time 
to provide for the added responsibilities 
of the Commission resulting from the 
rapid growth of the undertaking, and 
also to provide for special additional 
duties to be performed by the Com- 
mission. However, the principle of 
power at cost, as established in the 
original Hydro legislation and the orig- 
inal power agreements, is still followed 
without important deviation. 
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The growth in the operations of 
Ontario’s electrical enterprise have been 
truly amazing. It is true that a very 
rapid growth in the use of electricity 
has taken place in all modern states. 
But the primary cause of the great 
success of Hydro in Ontario was that 
electrical service was supplied under a 
system of co-operative enterprise that 
made it available to the greatest num- 
ber at the lowest cost. 


Today the Commission’s work may 
be said to relate to three principal 
fields—the co-operative municipal field, 
the field of rural supply, and the 
Northern Ontario field. The first two 
cover the Commissions’ 
behalf of the co-operative systems, or 
groups of municipalities, and the last 
relates to its trusteeship of the North- 
ern Ontario Properties on behalf of 
the Province. The Commission’s oper- 
ations on behalf of the co-operative 
systems also includes the sale of power 
to large industrial companies. 


It should be noted that under their 
contracts the co-operating municipali- 
ties pay their share of the cost of power 
incurred by the central commission on 
their behalf. 
mated interim rate per horsepower is 
used in monthly billing, but the real 
cost is determined at the end of the 
year, when a credit or debit adjust- 
ment is made. These adjustments are 
commonly referred to as the thirteenth 
bill, which usually takes the form of a 
credit note. 


activities on 


For convenience, an esti- 


The Power Commission Act also pro- 
vides that the Commission may prepare 
plans, specifications, and estimates, con- 
struct plants, purchase supplies and 
render engineering or other services for 
the supply and distribution of power in 
the co-operating municipalities. 


Wide Supervisory Powers 


The founders of the Hydro scheme 
realized that if it were to succeed there 
must be uniform purpose and action 
by all those interested. This could only 
be obtained by having a central super- 
visory body in control. The Act there- 
fore gives the Commission wide super- 
visory powers, and in particular, con- 
trol over the rates charged by the local 
authority to consumers. 7 


The Hydro-Electric Power Commis- 
sion of Ontario, as the central govern- 
ing body, must in equity deal similarly 
with all local commissions and main- 
tain uniformity in treatment to attain 
the co-operative spirit required. This 
is commonly understood to be attained, 
as all municipalities are required to 
enter into similar contracts agreeing to 
pay for all power on a cost basis to be 
determined as provided in The Power 
Commission Act. All municipalities 
thus obtain their power supply under 
similar conditions, and in turn each is 
required to deliver service to its cus- 
tomers with rates of the same structure 
and classification of customers. Like 
methods of accounting and bookkeep- 
ing of the various local commissions 
are imperative under such a co-oper- 
ative undertaking. Supervision by The 
Hydro-Electric Power Commission of 
the rates, and the classification and 
treatment of customers by local com- 
missions is therefore essential to ensure 
a uniformity of action. 


The local interests of the individual 
co-operating municipalities are admin- 
istered by local Hydro or Utility Com- 
missions, which are established and 
operate under The Public Utilities Act. 
Under the Hydro scheme this Act 
applies with only sufficient alteration 
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to make it imperative that a local 
Hydro utility cannot be administered 
otherwise than as part of the general 
Hydro scheme. Each municipal com- 
mission manages its own local affairs, 
and has its own problems to solve, 
but the decisions of each commission 
dealing with its own affairs and prob- 
lems must be made in the light of co- 
operation with the other partner muni- 
cipalities, so that its decisions and 
actions may not be detrimental but 
always contribute to the success of the 
larger enterprise. 

In The Power Commission Act are 
defined regulations governing the func- 
tions of local commissions and also pro- 
viding penalties which may be imposed 
in cases of refusal to obey the instruc- 
tions of the supervisory commission. 

It cannot too strongly be emphasized 
that the co-operation of each munici- 
pality with all of the other munici- 
palities of the system of which it forms 
a part, and also the co-operation of all 
the municipalities with the trustee or 
supervisory commission, that is The 
Hydro-Electric Power Commission of 
Ontario, is absolutely essential for the 
successful operation of a large complex 
undertaking of this kind. 


LocaL Hypro UTILITIES 

Now let us consider the organization 
and functions of the local Hydro utili- 
ties. In doing this it will be convenient 
to consider those aspects of the utilities 
which are inherent in its organization 
as laid down by law, and those other 
aspects which may be said to be its 
duties and privileges as an organization 
elected by the citizens of the community 
in which it functions. 

Every local commission is a corporate 
body constituted under the statutes of 
Ontario, and endowed with definite 
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powers to enable it to function effi- 
ciently as a business undertaking. Under 
The Public Utilities Act a municipal 
corporation may entrust the control and 
management of a public utility and the 
construction of the necessary works to 
a local commission. This Act also 
provides the means for establishing 
such a commission. In the case of a 
Hydro utility supplied with power by 
contract between the corporation and 
The Hydro-Electric Power Commission 
of Ontario, it is better to have a local 
commission in control of the local elec- 
tric system. 
utilities than the electric utility are 
placed under the control of one local 
commission, in which case the commis- 
sion is called a “Public Utilities Com- 
This arrangement in smaller 
municipalities gives an economical and 
efficient management for each service. 


In many instances other 


mission’’. 


A Trustee for the Consumers 


Where a local Hydro or public utility 
commission has been established to con- 
trol and manage a Hydro utility, it has, 
by law, the right to exercise all the 
powers, rights, authorities and _privi- 
leges conferred by The Public Utilities 
Act on a municipal corporation so long 
as the by-law for establishing the local 
commission remains in force. It must, 
therefore, conduct the business of the 
utility in a businesslike manner. It 
should engage a staff of properly quali- 
fied persons to handle the technical 
and business problems and should give 
to this staff proper direction, rules and 
power to act, so that the utility may 
be properly and efficiently handled. 
The local commission has often been 
compared in its functions to that of a 
board of directors of a business cor- 
poration. While this is a manner of 
describing its position, it is not com- 
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plete. Since the property over which 
it has control is a public property, the 
local commission is entrusted with it 
and the local commission must be con- 
cerned with the relation of the utility 
to public welfare. More specifically 
its duty is to guide the conduct of the 
utility business so as to give maximum 
service and benefit to the users and 
oppose any action which might be con- 
templated as detrimental to the utility’s 
interests. To this end the local com- 
mission is responsible to its customers 
and no other municipal body has a 
right to interfere or counter its decisions 
and actions. It has been lawfully en- 
trusted with the control and manage- 
ment of the utility, and is therefore in 
effect a trustee for the consumers. 


Must Work in Co-operation 
with Council 

While a local commission has been 
given these duties by statute, the fact 
must not be overlooked that certain 
clauses in The Public Utilities Act re- 
quire it to perform certain functions 
which involve the municipal council 
and require it to work in co-operation 
with the council. When capital funds 
required for plant extensions or im- 
provements have to be raised by public 
borrowing, these are to be obtained by 
issuing debentures in the manner pro- 
vided by The Municipal Act. This 
requires formal procedure to be taken 
by the council, and co-operation be- 
tween the two public bodies is essential 
‘to attain this. Other functions of a 
local commission exist where co-oper- 
ation with the municipal council is 
necessary. 
Must Follow Standard 
Accounting Practice 

Every local commission by law is 
required to furnish a business report 


to the council annually, giving an oper- 
ating statement of assets and liabilities, 
revenue and expenditure, number of 
improvements, 
and provision for debenture payments. 


customers, extensions, 
The council may also require such in- 
formation from time to time. Also, the 
record of the local commission’s pro- 
ceedings shall be kept available for the 
inspection of any person appointed by 
the council. The accounts of the local 
commission shall be audited by the 
auditors of the corporation, and the 
local commission shall furnish such in- 
formation to these auditors to assist 
them. An audit by the corporation’s 
auditor is required, but the local com- 
mission may engage its own auditor if 
it so desires and bear such expense. 
Separate books and accounts must of 
course be kept for each public utility. 
These are all statutory requirements of 
a local commission. 


A section of The Power Commission 
Act provides that a system of book- 
keeping and accounting must be in- 
stalled as prescribed by The Hydro- 
Electric Power This 
ensures uniformity among the co-oper- 
ating utilities in the large Hydro 
scheme. Its importance cannot be over- 


Commission. 


rated for determining the fair adjust- 
ment of cost of power to the utility 
and for maintaining equitable rates to 
consumers. ‘The Commission’s account- 
ants make frequent visits to all muni- 
cipalities and make a thorough check 
of all revenues and disbursements of 
the local utility. It is not difficult for 
the accountants of the local commission 
to follow the accounting regulations as 
prescribed by the Commission, and the 
books of all public utilities should be 
kept up-to-date, so that they may be 
checked at any time. 


VOLT XXVINT Nowe oS 


THE BULLETIN 


283 


TOTO THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO UIVIIIIIIHIIIIIMINIIUMUIIEIIM 


Salaries and Meetings 

The local commissioners may be paid 
a salary fixed by the council from time 
to time, and there are many places 
where no salaries are paid: As far as 
the electric utility is involved, such 
salaries or part chargeable thereto shall 
be subject’ to the. approval of The 
Hydro-Electric Power Commission and 
cannot be changed by council without 
its consent. When the local commis- 
sion is entrusted with one or more 
other public utilities than the electric 
utility, the consent of The Hydro- 
Electric Power Commission is required 
if more than a pro rata share of any 
cost incurred for any joint use is 
charged to the electric utility. Local 
commissions do well to recognize these 
obligations. 
Meetings of local commissions should 
be held regularly and proper records 
of such meetings kept by a duly ap- 
pointed secretary. Regulations in re- 
gard to the manner of conducting the 
business, and proper control and man- 
agement of the utility, should be pro- 
vided by resolutions available in these 
records for the guidance of the staff. 
They should then be required to en- 
force these regulations without inter- 
ference from individuals, including 
commissioners or municipal officials, so 
that impartial treatment to all may be 
attained. So long as the employees 
enforce the regulations adopted, they 
should receive the support and protec- 
tion of the local commission against 
criticism. The local commission must 
assume the responsibility for control and 
management with which it has been 
“entrusted. Its employees follow out 
the adopted regulations. 
Rates to Consumers 


Rates for electric power and energy 
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are subject to the approval and control 
of The Hydro-Electric Power Commis- 
sion. Under these regulations the Com- 
mission sets out a form of rate struc- 
ture, which it insists that all municipali- 
ties follow; otherwise one municipality 
may operate to the disadvantage or 
detriment of the other municipalities 
served from that system. 

Probably no procedure in the set-up 
of the Hydro organization has contri- 
buted more to its success than the 
application of scientific rate schedules 
adopted by the Commission to reflect 
thes policy of “service- at. cost., slhe 
Power Commission Act provides a rigid 
safeguard against discrimination in sup- 
plying electric power or energy to con- 
sumers. The Hydro-Electric Power 
Commission has prescribed a set of 
regulations called the “Standard Inter- 
pretations of Rates”, which set out in 
detail how the various rates must be 
applied. These Interpretations of 
Rates are discussed at meetings at 
which committees composed of your 
managers are present. They are changed 
from time to time to meet changing 
conditions of the supply and use of 
power. 


Disposal of Surplus Funds 

The operations of your Hydro utili- 
ties have in all cases been financially 
successful. Notwithstanding repeated 
rate reductions the local commissions 
have been able in most cases to meet 
the cost of additional plant extensions 
out of surplus funds. In certain cases 
where rapid growth in population has 
taken place, the provision of additional 
distribution facilities has involved the 
use of new capital. Most local com- 
missions have from year to year surplus 
moneys which must either be invested 
in bonds and held as security against 
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possible future losses, or returned to the 
consumers as a rebate in their power 
billings. 

The Power Commission Act very 
definitely prescribes that these surpluses 
can only be dealt with in the manner 
and for the specific purposes set out in 
the Act and then only after obtaining 
the approval of The Hydro-Electric 
Power Commission. In spite of these 
statutory regulations, however, we find 
cases in which local commissions have 
violated their trust by attempting to 
make donations to charitable institu- 
tions in their municipality from the 
trust funds of their Hydro _ utility. 
Neither The MHydro-Electric Power 
Commission nor the local commission 
has any authority to use these trust 
funds in making donations to chari- 
table institutions. The Power Commis- 
sion Act definitely prevents it. 
cases where such donations have been 
made the Commission has insisted upon 
the return of the money. 


With the approval of The Hydro- 
Electric Power Commission, surplus 
funds of a Hydro utility may be applied 
to the purchase of a site and the erec- 
tion of buildings for the occupation 
and use of the municipal commission. 
Subject to the approval of the Com- 
mission any such office building may be 
larger than is required for the imme- 
diate use of the municipal commission, 
and any part of such building not im- 
mediately required may be leased to 
the corporation or to any other muni- 
cipal commission for the purposes of 
any public utility in the municipality. 
In many cases very fine public utility 
buildings have been financed in this 
manner and form a municipal asset in 
which the citizens take a legitimate 
pride. 


invallc 


Accounts in Arrears 


One of the most frequent violations 
by local commissions of the Commis- 
sion’s regulations occurs with regard to 
the collection of accounts in arrears. 
This is one of the most serious prob- 
lems with which our engineers and 
accountants have to deal. 


Some members of local commissions 
hesitate to discontinue service to a cus- 
tomer when his account is in arrears, 
especially when this customer may be 
a neighbour or friend of the commis- 
sioner. Almost every week letters are 
forwarded to municipalities giving a 
list of outstanding accounts, some of 
them many months in arrears, and 
calling attention to the regulations of 
The Power Commission Act and in- 
sisting that these accounts must be 
collected or the service discontinued. 


In spite of these repeated instruc- 
tions, some commissions refuse to obey 
the Commission’s instructions and allow 
many accounts to run further and fur- 
ther into arrears until it becomes neces- 
sary to write off many of these accounts 


as bad debts. 


In some cases these conditions have 
become so bad that the Commission 
has had to instruct the members of its 
staff to take charge of the entire bill- 
ing of certain local commissions for a 
time and send out accounts covering 
outstanding arrears, and either discon- 
tinue the service to these customers or 
make arrangements for the payment of 
I find this to be one of 
the most serious problems in connection 


the account. 


with the operation of local Hydro com- 
missions. Some local commissioners 
seem to forget that they are handling 
trust funds and also forget that ac- 


counts, which are not paid by the con- 
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sumers owing them, must be paid in- 
directly by other consumers. 

I am suggesting that all local com- 
missioners on this system and other 
systems, where unpaid accounts have 
been outstanding for many months, 
consider their obligations as commis- 
sioners and at once commence to fulfil 
the obligations they assumed when they 
were elected to act as Hydro commis- 
sioners. | 


Duties and Privileges 


Apart from the functions exercised 
by the local commission in accordance 
with the governing acts, there are cer- 
tain duties and privileges which de- 
volve upon it as an elected body func- 
tioning upon behalf of the citizens 
generally. 


It must give careful administration 
—making sure that its every act is in 
accordance with the governing acts and 
the regulations of The Hydro-Electric 


Power Commission of Ontario. 


It must give economical manage- 
ment. The Hydro interpretation of 
service at cost has always been the 
best service at as low a cost as is con- 
sistent with long term economical plan- 
ning. Widespread distribution has al- 
ways characterized Hydro - service. 
So far as wholesale service is con- 
cerned, the policy and practice is 
to extend service to every community 
that can economically be reached by 
Hydro transmission lines. Similarly, 
local utilities should strive to give the 
best possible service to every citizen of 
their community. 


Safe operation is important. It im- 
plies the best in equipment and insis- 
tence upon the safety-first programmes 
urged by The Hydro-Electric Power 
Commission. 
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Equitable and courteous treatment of 
all customers in all classes of service 
is of paramount importance. Hydro 
officials should at all times remember 
that they are the servants of the citi- 
zens, and goodwill each to the other 
should characterize the relationship be- 
tween the utility commission as repre- 
sented by its employees, and those it 
serves. | 

Above all, the local commission 
should so govern its actions that the 
utmost co-operation is maintained be- 
tween the several municipalities of the 
group or system to which it belongs, 
and between them and The Hydro- 
Electric Power Commission of Ontario. 


Co-operation Essential 

In the operation of a public utility 
many problems arise from time to time 
with which the local commission must 
deal. These may be problems involv- 
ing policy, finance, operation, engineer- 
ing, accounting or administration. 

The local Hydro commissions are 
well safeguarded and protected from 
making faulty decisions on important 
matters by having definite regulations 
to follow as laid down by The Hydro- 
Electric Power Commission. Engineers 
and other officials of the Commission’s 
staff are at all times available to give 
assistance and advice to local commis- 
sions. The managers of all Hydro utili- 
Hessshould, «therefore, keep: ui close 
touch with the Commission’s municipal 
engineers and consult these men freely 
when any doubt arises with regard to 
the administration of the local system, 
problems of rate applications, account- 
ing difficulties, distribution or other 
problems. Matters of policy in which 
any doubt occurs can always be refer- 
red to The Hydro-Electric Power Com- 
mission for its advice and instruction. 
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I feel that the municipalities of this 
Province are to be highly commended 
on the exceptionally fine type of citi- 
zens that have from time to time during 
the past thirty years been elected to 
the office of local Hydro commission- 
ers. Many of these men have given 
years of their time and energy to the 
efficient administration of the various 
commissions throughout the Province. 
For these men I have the highest re- 
gard and admiration. 


{fees 


Historic Poetry 


When Wendell Willkie went to Eng- 
land, President Roosevelt gave him a 
personal letter to Mr. Churchill in 
which he quoted from Longfellow’s 
poem, “The Building of the Ship”: 


Sail on, thou Ship of State, 

Sail on, O Union, strong and great! 

Humanity with all its fears, 

With all the hopes of future years, 

Is hanging breathless on thy fate. 

We know what Master laid thy keel, 

What Workmen wrought thy ribs of 
steel, 

Who made each mast, and sail, and 
rope, 

What anvils rang, what hammers beat, 

In what a forge and what a heat 

Were shaped the anchors of thy hope! 

Fear not each sudden sound and shock, 

’Tis of the wave and not the rock; 

’Tis but the flapping of the sail, 

And not a rent made by the gale! 

In spite of rock and tempest’s roar, 

In spite of false lights on the shore, 


Sail on, nor fear to breast the sea! 

Our hearts, our hopes, are all with thee, 

Our hearts, our hopes, our prayers, our 
tears, 

Our faith triumphant o’er our fears, 

Are all with thee,—are all with thee! 


Prime Minister Churchill, in his 
radio address of Sunday, April 27th, 
wound up by quoting the poem of 
Arthur Hugh Clough, “Say Not the 
Struggle Naught Availeth”: 


Say not the struggle naught availeth, 
The labour and the wounds are vain, 

The enemy faints not, nor faileth, 
And as things have been, they remain. 


If hopes were dupes, fears may be 
hays. 
It may be, in yon smoke concealed, 
Your comrades chase e’en now the 
fliers, 
And, but for you, possess the field. 
For while the tired waves, vainly 
breaking, 
Seem here no painful inch to gain, 
Far back through creeks and _ inlets 
making, 
Comes silent, flooding in, the main. 


And not by eastern windows only, 
When daylight comes, comes in the 


light; 
In front, the sun climbs slow, how 
slowly! 
But westward, look, the land is 
bright! 


—The Blue Bell. 
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Front View of Hydro Theatre at the Canadian National Exhibition. 


The ‘‘Hydro Theatre” 


A Feature Attraction at the 1941 Canadian National Exhibition 


FEATURE attraction among 

the interesting displays in the 

Electrical and Engineering 

Building at the 1941 Cana- 

dian National Exhibition in Toronto 
was the “Hydro Theatre’. Located in 
the centre of the huge building, imme- 
diately opposite the main entrance— 
and flanked by the impressive war 
materials exhibits of the Department 
of Munitions and Supply and the John 
Inglis Company—the theatre succeeded 
in drawing nearly 25,000 exhibition visi- 
tors to daily showings of the Commis- 
sion’s talking motion pictures, “The 
Bright Path” and “Keepers of the 
Light”. At the close of each perform- 
ance, everyone in the audience was 
handed an attractive souvenir of the 
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occasion, in the form of a colourful 
rotogravure magazine entitled “Power 
—for War and Peace.” 


MopbernisTic DESIGN 

Designed and constructed under the 
direction of the Sales Promotion De- 
partment, the theatre was styled in the 
“streamline” ihe 
front entrance with its flashing coloured 
lights, fluttering pennants, glittering 
chrome decorative effects and rainbow- 


modern, manner. 


hued pylons seemed to exert a magnetic 
influence on the “Ex” crowds, as most 
people coming in through the main en- 
trance of the building headed directly 
for the brilliantly lit theatre. As a 
matter of fact, the flashing overhead 
lights and the name “Hydro Theatre” 
were plainly visible from the street 
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fronting the building. The walls of 
the theatre, sixteen feet in height, were 
gracefully curved at the corners, in 
keeping with the streamline design. At 
each end of the structure, pylons similar 
to those at the entrance added a decor- 
ative touch as well as the necessary 
structural reinforcement. Along the 
whole length of the front wall a line 
of flashing coloured lights, mounted 
against a background of shining chrome 
plate strip, gave extra life and anima- 
tion to the effect. Above the lamps, in 
large relief lettering was given the 
theme of the exhibit, “Hydro—Indus- 
try’s Partner in War and Peace—the 
Power Behind Ontario’s War  In- 
dustry.” Similar lettering on the rear 
walls emphasized Hydro’s assistance to 
agriculture and the mining industry in 
their war production programmes. 


IMPRESSIVE PHoTo “GALLERY” 

Mounted on the walls at just a little 
higher than eye-level were twenty-two 
impressive photographic enlargements, 
which graphically told the story of 
Hydro’s part in the war effort from 
the harnessing of the waterways, 
through the stages of generation, trans- 
mission and distribution, to the utili- 
zation of Hydro power in industrial 
plants, in the mine, in the urban home 
and on the farm. 

Beneath the pictures a special shelf 
was built to carry the attention-getting 
display of shells being made in Ontario 
plants, with machines operated by 
Hydro power, for the air force, navy 
and army. In the corners at the front 
of the theatre two Bren guns were 
mounted and attracted much attention. 

Passing through the entrance lobby, 
visitors found themselves in a com- 
pletely appointed theatre, with com- 
fortable seating accommodation for 150 


persons. The theatre was completely 
enclosed, with a roof of black cloth. 
The inside walls were attractively 
draped in deep midnight blue. 

The stage was also draped, with a 
bank of fernery at front and two huge 
baskets of flowers in the corners, lit up 
effectively with blue lights. On both 
sides of the stage rooms were built, one 
serving as a Cloakroom, the other as 
a dressingroom for the usherettes. 


AIR CONDITIONING 

A comfort feature of the theatre 
much commented on by visitors was 
the efficient air conditioning system. 
Two large air conditioning units of the 
most modern type were installed adjoin- 
ing the projection booth. With both 
in operation, it was possible to change 
the air inside the theatre every few 
minutes. The result, of course, was a 
most pleasing freshness of atmosphere 
at all times. Coming in from the hot 
and dusty grounds outside, visitors 
doubly enjoyed the movies thanks to the 
refreshing cool air provided by the 
equipment. 

CHARMING USHERETTES 

Visitors who thronged to the theatre 
during the fourteen days of the exhibi- 
tion were capably and courteously at- 
tended by a corps of six usherettes. 
There young ladies not only performed 
the very necessary duties of ushering 
the large crowds in and out, but also 
lent an extra “eye-appeal” to the exter- 
ior of the theatre, where they stood on 
duty between showings to answer the 
public’s questions. 

The very attractive costume worn by 
the usherettes was specially designed to 
resemble a Hydro lineman’s outfit— 
right down to such details as the safety 
belt and pole-climbing spikes. With red 
blouses, they wore blue overalls, trim- 
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med with white. The belt and other 
accessories were white. Loops were 
sewn in the belts and in these were 
carried models of the regular lineman’s 
pliers, hammer, etc.— 
made of wood for lightness. 


screwdriver, 


_ Il SHowrncs DalILy 

“The Bright Path’, which most 
Hydro employees have seen, was the 
first picture presented in the theatre 
programme—followed by the Commis- 
sion’s new, shorter talking movie, 
“Keepers of the. Light’, which tells the 
story of Hydro’s part in Ontario’s war 
effort. Shown together, the two pic- 


tures gave a programme running to a 


little over forty-five minutes. 

Eleven complete showings were given 
every day, which meant an almost con- 
tinuous performance from 10 a.m. to 


10.30 p.m. when the building closed. 


ATTENDANCE 1600 PER Day 

All through the period of the exhibi- 
tion a careful record was kept of the 
daily attendance at the theatre. On cer- 
tain days, attendance ran well over 
2,000—while the average daily attend- 
dance was a little over 1600 persons. 
When it is remembered that the theatre 
offered 150 seats, it can be realized that 
the showings were presented before 
near-capacity houses at all times. At 
some showings when seats were all 


taken, many people stood at the rear 
throughout the performance. The at- 
tendance figure of 1600 per day aver- 
age was a conservative count, allow- 
ance being made for visitors who did 
not remain for a full showing. 


A SuccessFuL ACTIVITY 

Looking back, the Sales Promotion 
Department feels that the “Hydro 
Theatre” can be viewed as a most satis- 
factory activity. 22,400 people, by 
actual count, saw a complete perform- 
ance of both pictures—with many more 
hundreds, if not thousands, seeing at 
least part of the programme. It is safe 
to say that through the forty-five 
minutes of talking movies presented, 
all these exhibition visitors received a 
far clearer and more interesting em- 
pression of just what their Hydro sys- 
tem is, and how it operates for their 
benefit, than could be put before them 
in any other way. 


Motion pictures offer one of today’s 
most valuable mediums of informing 
and educating the public. In the suc- 
cessful presentation of our own pictures 
to these many thousands of Ontario 
citizens, Hydro has taken a definite, 
forward step in the programme of in- 
culcating a clear and intelligent appre- 
ciation of Ontario’s great public utility 
in the minds of the general public. 
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Eastern Ontario Municipal 
Electrical Association 


HE Annual Convention of the 
Eastern Municipal 
Electrical Association was held 
in Oshawa on September 16th 
and 17th with 195 delegates registered. 


The president, R. W. Strike, of Bow- 
manville welcomed the delegates and 
spoke on the necessity of co-operation 
by every utility in the district at this 
time of stress of war, of the necessity 
of every utility joining the Municipal 


Ontario 


Hydro-Electric Pension and Insurance 
Scheme, on Unemployment Insurance, 
and on the cost of living bonuses to 
employees. 


Reviewing the power situation in 
Eastern Ontario, G. F. Drewry of the 
Hydro Commission advised that the 
present war load in the district was 
approximately 11,000 h.p., and that the 
ultimate war load, together with new 
industries, would be approximately 36,- 
000 h.p. He stated that the system 
peak would no doubt reach 180,000 
h.p. by the end of the year. 


J. Albert Smith, Commissioner of 
The Hydro-Electric Power Commission 
of Ontario gave an address entitled 
“The Duties of a Local Commission” 
which appears elsewhere in this issue. 


At a complimentary dinner provided 
by the Oshawa Public Utilities Com- 
mission, the delegates and guests were 
welcomed by Mayor J. C. Anderson. 
The main speaker of the evening was 
Alexander Gray of Gray Forgings Com- 
pany of Toronto, whose subject was 
“Survey of War Conditions”. Other 
speakers were J. Albert Smith, George 


Garner, Commissioner, Oshawa P.U.C. 
and The Hon. D. G. Conant, Attorney- 
General of the Province of Ontario. 
William Boddy, Commissioner, Oshawa 
After the din- 
ner the assembly became the guests 
of R. S. McLaughlin at his beautiful 
Italian Gardens. 


At the session on the second day M. J. 
McHenry of the Hydro Commission 
gave a short illustrated talk on the 
Madawaska development. Following 
this, -R. Ty jetiery, Chief "Municipal 
Engineer of the Ontario Hydro pre- 
sented a paper on the Municipal 
Hydro-Electric Pension and Insurance 
Plan. Dr. Wm. J. Chapman of St. 
Catharines, President of the Ontario 
Municipal Electric Association, spoke 
briefly on the Provincial Association 
and congratulated the Eastern district 
on its splendid convention. This ses- 
sion was followed by a luncheon when 
Ns |i icake-of the: HBP Cr presentca 
a moving picture “Keepers of the 
Light”. 


PoG.Ge wasecharnimn: 


Officers elected for the year 1942 
were: 


President—W. R. Strike, Bowmanville. 

Vice-President, Western Section—Wm. 
Boddy, Oshawa. 

Vice-President, Eastern Section—Geo. 
E. Findlay, Carleton Place. 

Directors—M. P. Duff, Belleville; W. 
B. Reynolds, Brockville and Gordon 
S. Matthews, Peterborough. 


Secretary - Treasurer—G. E. Chase, 
Bowmanville. 
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Recommended Practice of Street 
Lishtins 


The publication of the Illuminating Engineering Society as reviewed 
by Geo. G. Cousins, Supervising Lighting Engineer, 
H.E.P.C. of Ontario 


HE use of lighting to render 

streets and highways safe for 

pedestrian and vehicular traf- 

fic at night has fallen far be- 
hind the demand caused by increased 
use of and speed of motor vehicles. 
Records show that about 2/3 of the 
day’s accidents occur during hours of 
darkness, when the traffic density is 
only about 1/4 to 1/3 of the density 
during daylight. This is not because 
the careful drivers remain in at night, 
nor because drivers are more careless 
at night. Fatigue may dull the edge 
of a driver’s alertness, but this is a 
contributing cause; not the main one. 
The only difference of a fundamental 
nature between day and night is the 
inability of drivers to see the road and 
its immediate surrounding. The colli- 
sion of a car with a pedestrian may 
be caused by a fraction of a second’s 
delay in seeing the danger. 

There are no data to substantiate a 
claim that law enforcement or educa- 
tional campaigns have any real effect 
in the reduction of night accidents. 
On the other hand records have shown 
that during safety drives night acci- 
dents have increased, while day acci- 
dents have decreased. There is a large 
accumulation of data pointing to ade- 
quate lighting as the only means of 
reducing the deadly toll of night acci- 
dents. 

For many years the [luminating En- 
gineering Society Committee on Street 
and Highway Lighting has applied it- 
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self to a study of this problem. “Rec- 
ommended Practice of Street Light- 
ing’, its latest pronouncement repre- 
sents the accumulation of a great deal 
of technical study, traffic surveys and 
analyses of traffic accidents. It fur- 
nishes a technical basis for the design 
of effective street lighting. 


The following abstract is composed 
of quotations bearing on some of the 
more important aspects of the subject. 
“Recommended Practice” is a manual 
that merits detailed study by all those 
interested in this very important mat- 
ter. 


Underlying all other objectives, the 
fundamental purpose of street light- 
ing is to produce the illumination requi- 
site for good visibility at night, and, 
through good visibility, to promote safer 
use of streets. 


Street lighting contributes effectively 
to the prevention of pedestrian and 
vehicular traffic accidents and _ their 
resulting toll of human life, personal in- 
This con- 
tribution is proportional to the effect- 
iveness 


juries,.and economic losses. 


of the street illumination in 
providing visibility adequate for accur- 
ate, certain, and comfortable seeing. 

In addition to its value in reducing 
traffic accidents and deterring crime, 
good street lighting encourages devel- 
opment of business districts, enhances 
property values, and makes more effec- 
tive use of the large investment in street 
and highway construction. 
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Traffic safety at night has become 
a matter of split-second seeing. 

Street lighting, generally, has not 
kept pace with the evolution of modern 
street transportation. As a result, the 
majority of our streets do not have 
lighting requisite for safety of motorists 
and even less so for pedestrians. 

For an appreciation of the situation 
it is helpful to contemplate the con- 
trast between a locomotive engineman 
and an automobile driver moving ahead 
on a dark and foggy night. Neither 
can see far ahead. Both must proceed 
partly on faith. But the engineman 
has the protection of a private right- 
of-way and block signals. The motorist 
lacks both. The tragic magnitude of 
night traffic fatalities is compelling at- 
tention to these circumstances. 

Visibility is most intimately and in- 
tricately entwined in all aspects of 
traffic safety. ‘The term visibility, as 
applied to seeing for night safety on 
streets, denotes the extent of possible 
recognition of important roadway de- 
tails and objects by an observer posses- 
sing so-called normal vision. 

At night a veil of darkness turns over 
to man the task of providing the visi- 
bility required for the safe, comfort- 
able and convenient use of the streets. 
While there are some other factors, 
lowered visibility is a major difference 
in the hazards of night and day driving. 
The major problem in protecting street 
traffic at night, therefore, is the pro- 
vision of lighting on streets such that 
motorists and pedestrians can see each 
other clearly and quickly, and thus 
avoid accidents. 

Under the plentitude of light in the 
daytime physiological reactions are 
likely to be instinctive or automatic. 
Under conditions of street lighting at 


night, where the amount of light is 
quite limited, more of deliberate obser- 
vation and judgment is involved in dis- 
cernment, and reactions are likely to 
be less prompt and sure. It is impor- 
tant that those responsible for planning 
street lighting installations shall appre- 
ciate this distinction between day and 
night vision, and shall seek as close an 
approach to daytime visibility as it is 
practicable to provide through street 
illumination. Complacence under con- 
ditions of grossly inadequate street 
lighting is unjustifiable in view of the 
now well understood relation between 
safety and good street lighting. 


METHODS OF DISCERNMENT 

The minimum degree of seeing of 
direct safety value to motorist and 
pedestrian is the ability to recognize the 
presence of an object and its identifying 
contours. There are several methods 
of discernment obtainable in street 
lighting. Principal among these are: 
Silhouette, Reversed Silhouette, Surface 
Detail, Glint and Shadow. 


Silhouette 

An object is discerned by silhouette 
when the general level of brightness of 
all or a substantial part of it is lower 
than the brightness of its background. 
This method of discernment predom- 
inates in the observation of distant ob- 
jects on lighted streets and highways. 

Silhouette vision is of major impor- 
tance in the discernment of objects in 
the roadway between curb lines. 

When an object is seen by virtue of 
the variations in brightness or color 
over its own surface, without regard 
to its general contrast with its back- 
ground, it is discerned by surface de- 
tail. Such brightness depends upon 
direct illumination, of a relatively high 
order, on the side toward the observer. 
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Pavement is largely obscured by a 
shifting pattern of vehicles. 

All agree that lighting planned pri- 
marily for the silhouette method gives 
maximum protection against collision 
for a very moderate expenditure. 

Street lighting for traffic safety is 
not necessarily high intensity lighting; 
it is light properly directed and dis- 
tributed to provide the best practicable 
visibility at night. 

With the exception of some business 
streets, rarely at the present time are 
streets lighted sufficiently to permit dis- 
cernment of objects in or along streets 
by reason of their own brightness alone. 
Where traffic is more complex and see- 
ing by silhouette is interrupted by the 
density of traffic, adequate lighting for 
seeing objects in detail should be pro- 
vided. 

A high ratio of night to day acci- 
dent rate is evidence that the existing 
lighting should be improved. ‘This is 
particularly true where night accidents 
have frequently involved pedestrians. 

Because of the financial considera- 
tion involved, it is seldom practicable at 
one time completely to modernize the 
lighting system of an entire city. Rather, 
it is necessary to approach the improve- 
ment of street lighting by consecutive 
steps, selecting first the places of great- 
est need according to the night acci- 
dent records, thus obtaining quickly 
and economically the greatest results 
in accident reduction. 

Along with such selective improve- 
ment on streets now insufficiently 
lighted, every new street constructed 
should include lighting facilities suff- 
cient for its needs in accordance with 
these lighting recommendations. 

Experience has shown that where 
good visibility is provided the night 
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accident rates are reduced one-third, 
one-half, or often more. 

Where pedestrians are many or 
streets are unusually wide, the pedes- 
trian accident problem may be par- 
ticularly acute at night. This circum- 
stance accounts for a large part of the 
night motor vehicle accidents and par- 
ticularly of the fatalities. 

LIGHTING FUNDAMENTALS 

The installation and operation of a 
street lighting system should be accom- 
plished with economy in order to secure 
to the public the utmost of lighting 
effectiveness which can be had for the 
expenditure Expenditure, 
purely for aesthetic reasons, is hardly 
justifiable until good visibility shall 
have been secured. 

Unlighted stretches between lumin- 
aires should, of course, be avoided. Uni- 
formity of street surface brightness is 
generally desirable. 

Types of luminaires and their acces- 
sory light-controlling equipment are de- 
signed to produce a given character of 
light distribution at a definite spacing 
and mounting height ratio. It is im- 
portant that this ratio be respected and 
that the proper size lamp be used. 


involved. 


Since it is necessary to direct sufh- 
cient light over an entire street area to 
secure, adequate visibility, it is par- 
ticularly important that the width of 
the street be given due consideration 
in the selection of luminaires. Care 
must be taken when using light-con- 
trolling equipment not to direct an ob- 
Jectionable amount of light to the 
buildings across the street, particularly 
on narrow streets. 

Mounting heights are to be deter- 
mined with due consideration for lamp 
size, glare, extent of foliage interfer- 
ence, and appearance. 
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For identical quality of lighting with 
respect to average illumination, uni- 
formity, and glare, costs of installation 
and of maintenance are generally re- 


the eye and decreases with greater 
mounting heights. Increased mount- 
ings will in general give improved illu- 
mination results. 


TABLE I—MInimum AccEPTABLE MounNTING HEIGHTS FOR LUMINAIRES 


ie using eciearb When ee semi-con- Whenstasineeed: icine 
Lamp size O ae concentration | centrating luminaires Slobatonl en hice a 
ae Bea eam C.p. approx. (Beam c.p. equals 3/10 Oe Antoe Ty TOSSE 
6/10 of lumen rating) of lumen rating) a DP ve 
See Note (b) See Note (c) at SaaS 
1000 (d) 15" feet loeeet Loaeet 
2500 (e) 18 18 18 
4000 20 18 18 
6000 22 18 18 
10000 20 21 18 
15000 28 24 18 
25000 oe) 27 20 
Note (a) Observe that the above are recommended minimum mounting heights. 


(b) 
(c) 


(e) 


Higher mounting heights than these generally are preferable. 

For example a reflector-refractor type of luminaire providing this 
high degree of concentration. 

There are other luminaires which have been designed to give some 
degree of light redirection with reflecting or refracting equipment 
(sometimes using outer globes) which do not attain the high degree 
of concentration defined in Column 2. From a glare standpoint these 
can be mounted somewhat lower as indicated. 

The 1000-lumen lamps are to be used for between-intersection lighting 
only, on very light traffic streets and in alleys. There are no conditions 
of street lighting prevailing in the United States which Justify the use 
of smaller than 1000-lumen lamps. The 2500-lumen lamp is the 
smallest size which may be used with good economy. 

On forested streets a 15-foot mounting height for 2500-lumen lamps 
may be permissible provided close spacing is used with post-top units. 


duced by increasing mounting heights 
over those typical of present practice. 
This arises because low mounting 
heights are properly associated with 
close spacings, thus decreasing the size 
and increasing the number of lighting 
units. Also light distribution along 
the street will be generally improved 
by higher luminaire mounting heights. 

The glare from street lamps increases 
with the candlepower directed toward 


It is important not to exceed the 
spacing-mounting height 
ratio for which the luminaire was de- 
signed. 


maximum 


In general, it is agreed that, without 
going to extremes of separations which 
leave dark areas midway between lum- 
inaires, it is better practice to use larger 
lamps at reasonably wide spacing and 
higher mountings than to use smaller 
lamps at more frequent intervals with 
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lower mounting. This is an economical 
procedure and is usually in the interest 
of good lighting results, provided the 
spacing-mounting height ratio does not 
exceed 8 to l. 


TRANSVERSE LOCATION OF LUMINAIRES 

Luminaires should be mounted out 
from the curb over the roadway for the 
most effectual utilization of the light. 
When mounted back of the curb line, 
luminaires might be spaced so as to 
produce the same illumination intensi- 
ties as when mounted over the road- 
way, but the resulting pavement bright- 
ness and consequent visibility would 
not be so good. 


pire values herein 
recommended are based on luminaires 
mounted over the roadway. For equi- 
valent visibility, luminaires mounted 
back of the curb line must be arranged 


Ulumination 


to produce much higher illumination. 


values. 


Opposite or staggered spacing should 
be used on streets 40 feet or more in 
width between curb lines, and is often 
preferable on narrow streets. 

Ontrailic streets it is. desirable. to 
mount the units on the outside of 
curves in order to secure satisfactory 
pavement brightness. 


GLARE 
The effects of glare in street lighting 
may be classified as follows: 
(1) Reduction in ability to see 
(a) As experienced by observers 
under test conditions. 
(b) As experienced by users of 
a street. 
(2) Ocular discomfort 
(3) Detraction from the good ap- 
pearance of a street. 


A generally recognized means of 
minimizing the effect of glare consists 


SEPTEMBER, 1941 


in raising luminaires well above the 
street level in order to remove them 
from the visual axis. In proportion as 
the candlepower and brightness are 
high in the direction toward those using 
the street, it is important to take pre- 
cautions to minimize glare. Reasonably 
high mounting is recognized as an effec- 
tive means of accomplishing this pur- 
pose. 


APPEARANCE 


Street lighting equipment should re- 
flect good taste and sense of propriety. 
Simplicity, dignity, and grace always 
meet with favour as a visible expression 
of a civic service. Luminaire supports 
and equipments should blend harmoni- 
ously with the surrounding architec- 
ture. Uniformity of appearance of 
equipment is desirable. So far as is 
compatible with good visibility, the 
lighting equipment should be inconspic- 
uous. 


Good visibility having first been ob- 
tained, it is important to achieve the 
most pleasing appearance and the best 
practicable general effect. 


OPERATION 


Reliability of service and thorough 
upkeep of the entire installation is 
essential. 

It is desirable to adopt systematic 
methods including: 

(a) Operation of the light sources at 

rated voltage or current. 

(b) Replacement of unduly depre- 

ciated lamps. : 

(c) Thorough cleaning and main- 
tenance of equipment at stated 
intervals dependent upon local 
conditions. Inadequate clean- 
ing and maintenance schedules 
may result in a 50 per cent re- 
duction in illumination. 
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STREET PAVEMENTS 

Good pavement brightness is the 
essential requirement for discernment 
by silhouette. It is evident that the 
degree of brightness obtained from the 
light applied is dependent on the re- 
flection characteristics of street pave- 
ments. 

In proportion as the pavement is 
specular, it becomes important that the 
light from the luminaires be delivered 
to the pavement surface from such 
directions that the more or less regular 
reflection will be in the direction of 
drivers using the street and will spread 
a sheen of brightness over the street 
surface as viewed by them. 

Light striking the pavement in a 
direction toward the observer contri- 
butes most in making the surface ap- 
pear bright. The light striking the 
pavement in a direction away from the 
observer is of little value in building 
pavement brightness for the motorist. 

In general, placement of modern 
luminaires out from the curb and over 
the driving lanes or roadways, properly 
spaced and mounted with regard to 
light distribution characteristics, can 
provide pavement brightness of suffi- 
cient amount and fair uniformity for 
safe and comfortable use of the streets 
at night. Under such conditions, there 
would be no areas of dangerously low 
visibility. 

LIGHTING RECOMMENDATIONS 

In view of the complexity of the 
problem and its many variables, it is 
evident that lighting effectiveness de- 
pends upon a comprehensive knowledge 
of the requirements and a skillful appli- 
cation of the principles of street illu- 
mination. 

The average footcandle values of 
illumination recommended herein are 


considered by the Illuminating Engin- 
eering Society's Committee on Street 
and Highway Lighting to be the min- 
ima that should be delivered on the 
street to provide a reasonable degree 
of safety, effectiveness and convenience. 

Experience has shown in many in- 
stances that illumination values higher 
than those given in the following table 
are justified by the increased safety, 
effectiveness and convenience afforded 
to those using the streets at night. 
There are many street lighting installa- 
tions throughout the country which now 
exceed these values. The [luminating 
Engineering Society's Committee advo- 
cates this better lighting. 

CLASSIFICATION OF STREETS 

To serve its purpose effectively, ade- 
quately and economically, a street light- 
ing system should be built up from a 
definite plan, based on a comprehen- 


‘sive survey of all publicly used streets 


in the community. 

The volume of traffic is a principal 
factor in determining the amount of 
illumination required for safety. In 
residential districts, illumination must 
be adequate for general protective and 
police purposes. 

If it is indicated that a zone of high 
illumination must adjoin one of a much 
lower order of illumination, it is recom- 
mended that the higher be graded into 
the lower, beginning at the points of 
differing classification and continuing 
for a distance sufficient to permit mo- 
torists’ eyes to become accommodated 
to the change. Ordinarily moderate 
changes may be disregarded. 

Where a definite trend toward an- 
other classification of a street is appar- 
ent, it is in the interest of economy to 
anticipate this change in so far as pos- 
sible. 
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It is recommended by the Street 
- Lighting Committee of the Institute of 
Traffic Engineers that streets be classi- 
fied in accordance with their traffic, as 
follows: 


TABLE II 
Volume of Vehicular 

‘Classification Traffic 

of Traffic (maximum night hr. 

both directions) 

Very light traffic Under 150 
Light traffic 150 - 500 
Medium traffic 500 - 1200 
Heavy traffic 1200 - 2400 
Very heavy traffic 2400 - 4000 
Heaviest traffic Over 4000 


AVERAGE FoOOTCANDLES, MINIMUM FoR 
NicHT TRAFFIC SAFETY 


_ The average footcandle values shown 
in this table apply to the various street 
classifications, in each case for a typical 
condition of street width, pedestrian 
volume and abutting property. 


TABLE III 
Average Footcandles 
Street Between CUE aCe 
Classification Curbs eS 
(Roadway ) "|i qewalk) 
Very heavy traffic 2 0.05 
Heaviest traffic ies) 0.05 
Very light traffic 0.1 0.1 
Light traffic 0.2 02 
Medium traffic 0.4 0.3 
Heavy traffic 0.8 0.4 


*These values apply where the pave- 
ment has reasonably favourable reflec- 
tion characteristics. Somewhat higher 
footcandle values should be employed 
where the reflection characteristics of 
the pavement are unfavourable. 


Taking into account the added re- 
quirements usually imposed in business 
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streets, the following table of illumina- 
tion intensity values is developed out of 
the preceding table. The values in the 
preceding table are reproduced in this 
table in heavy faced type. The other 
derived values appear in lighter faced 


type. )(See Table TV.) 


ILLUSTRATIVE ARRANGEMENT 


Each example shown in the follow- 
ing table illustrates one possible ar- 
rangement. In determining a street 
lighting plan, the arrangement which 
will accomplish the desired results in 
the most effective manner should be 


scleeicam( oe) lable: V3) 


BuSINESS STREETS 


The minimum level of illumination 
that should be provided on primary and 
secondary business streets should never 
be less than the average footcandle valu- 
ations specified for traffic thorough- 
fares which carry the same volume of 
traffic. 


RESIDENTIAL STREETS 


The illumination on_ residential 
streets is primarily required for general 
protective and police purposes. There- 
fore, ordinarily it need not exceed 0.1 
average footcandle on street and 0.05 
on sidewalk surfaces. Due _ regard 
should be given to the obstruction of 
the proper distribution of the lighting 
by trees, shrubbery and poles, in de- 
signing the lighting installation. Better 
lighting results when trees are planted 
along the lot lines. 

While aesthetic requirements, the 
presence of dwellings and other local 
conditions should be given due con- 
sideration in designing street illumin- 
ation, adequate night public safety 
should not be sacrificed for these other 
factors. 
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TABLE IV—LuMENS PER SQUARE Foot (FOOTCANDLES) RECOMMENDED FOR 
Various TypPpES OF ROADWAYS CARRYING TRAFFIC OF VARIOUS 
DEGREES OF DENSITY. 


Very Light Light Medium Heavy |Very Heavy 
Traffic Traffic Traffic Traffic Traffic 


Avg.| Min. | Avg. | Min. | Avg. | Min.} Avg.| Min. | Avg. | Min. 


Principal business streets sare. oe 0.4 | 0.1 0.8 | 0.2 Le a Oso Love: 4 
Secondary musiness streetse Je i | | ee 0.32) 0,07A00-60)):045 4) 10 Oph apeiren enn 
Through high-speed arteries 

(other than business streets) |.....|-.... O354°0.07) 20:6~ | O15 0 a0. 2 cal te yen 
Express freeways and viaductod= J.) \ou. elneseel eee s 0.4 | 0.1 0.8 | 0.2 Laas 


Residence Streets... 6o.5..2 ee 0:1 } 0.025020 S Oe hO ee ee ee eee 


Industrial warehouse streetss71—0.1 |:0202 4 (02251-0050 41 04 esl ee eee 


Notes: The heavy-faced values appear in the earlier table. The other values 
have not been determined independently but have been derived from them. 
These recommendations apply where pavement reflection characteristics are 
favourable, as in the case of light concrete or light-finished asphaltum. Some- 
what higher footcandle values should be employed where street surface reflections 
are less favourable. 
In situations where there is considerable pedestrian traffic provision should be 
made for adequate lighting of sidewalks. 


STREET INTERSECTIONS While “T” intersections formed by 


Studies have proved that more acci- the termination of one street at a 
dents occur at street intersections than through street, will not ordinarily re- 
at any other one location of our street quire more illumination than that speci- 
systems and that the impairment of fied for the average rectangular inter- 


visibility by darkness greatly increases sections, it is essential that adequate 
the hazards of traffic conflict at inter- 


sections. Therefore, the importance of 
providing adequate visibility at street 
intersections and approaches thereto 


indications should be provided to warn 
motorists of the termination of a street 
at that point. 

cannot be over-emphasized. 


sy ae BOULEVARDS AND PARK-DRIVES 
In general it is recommended that 


the level of illumination provided at the The standard of illumination that 
average rectangular or diagonal street should be provided for boulevards and 
intersections should be at least equal to  park-drives in urban areas should be 
the sum of the illumination values here- _ the same as the average footcandle val- 
in recommended for the two streets uations recommended for streets carry- 
which form the intersection. ing the same volume of traffic. 
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Mounti Spacing M d Al 
~ Street Classification* pe Se Middle Lae Beets 
umens 
(Feet) (Feet) 
Very light traffic 1000 15 90-110 Staggered 
2500 ZO rene 130 - 170 N 
4000 25 - 30 200 - 250 Centre 
Light traffic 2500 16-18 100 - 120 Staggered 
4000 20 - 25 130 - 170 ms 
6000 22-29 130 - 170 3 
Medium traffic 6000 20 - 25 100 - 120 Staggered 
10000 2 oecail 130 - 170 2 
15000 25 - 30 130 - 170 % 
Heavy traffic 10000 Dae 75 - 90 Staggered 
10000 24 28 100 - 150 Opposite 
15000 24 - 28 150 - 180 i 
Very heavy traffic 15000 Zeal 100 - 150 Opposite 
Heaviest traffic 15000 25 - 30 100 Opposite 


*Because of greater street widths, larger lamps or closer spacings than shown 
usually are required on business streets to produce desired results. 


Note: Among the foregoing the larger lamps or the closer spacings are appro- 


priate on business streets. 


BRIDGES, OVERPASSES AND VIADUCTS 


Bridges, overpasses and viaducts dif- 
fer considerably in type, design, width, 
length and character of public use. 
Therefore, careful consideration should 
be given to the effect of all of these 
factors in determining lighting require- 
ments for these structures. 

The level of illumination should not 
be less than that recommended for 
streets carrying the same volume of 
vehicular and pedestrian traffic, or for 
streets of any other classification with 
which they connect. It is usually ad- 
visable to provide perhaps 25 or 50 per 
cent more light on these structures than 
that required for the connecting streets. 

It is considered good practice to light 
the roadway abutments at both ends 
of a bridge, overpass or viaduct, thus 
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indicating the abutments and bridge 
ends and the width of the roadway. 


UNDERPASSES AND TUNNELS 

Effective illumination for long or low 
ceiling underpasses or tunnels resolves 
itself into night lighting, daytime light- 
ing and several other important prob- 
lems which affect the design, installa- 
tion and operation of the lighting sys- 
tem. 

The general level of artificial illu- 
mination provided in underpasses 
should be 50 per cent or more above 
the night illumination recommended for 
traffic safety on the connecting street. 

The supplementary daytime illumin- 
ation within the entrances must be of a 
relatively high order. It is operated 
only by day. Its purpose is to avoid 
the abrupt change in illumination from 
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several thousand footcandles of day- 
light outdoors to perhaps two or three 
footcandles inside the structure. Such 
an abrupt change produces seriously 
inadequate visibility just within the en- 
trance. 

Every practicable physical factor 
which will aid visibility within a tunnel 
or underpass should be employed. For 
example, use of dark-coloured pavement 
outside and light-coloured pavement in- 
side the structure minimizes windshield 
reflections and reduces the range of 
brightness to which the eye must be 
accommodated during the daytime. In 
addition to the road surfacing, such 
aids to visibility as white centre strips, 
white curbs, light-coloured sidewalks 
and ceilings, should be incorporated. 

THE MEASUREMENT OF STREET 
ILLUMINATION INTENSITIES 

No presently available photoelectric 
cell photometers are adequate for the 
purpose as they suffer from inadequate 
precision even in the measurement of 
normal illumination or candlepower 
and depart from the cosine law in the 
case of light incident at acute angles. 


RELATION BETWEEN STREET LIGHTING 
AND Motor VEHICLE HEADLIGHTING 

Street lighting and motor vehicle 
lighting obviously are interrelated. The 
best interest of all the people is served 
by effective fixed lighting of traffic 
streets and of the more dangerous sec- 
and most densely travelled 
stretches of highway. The resulting 
savings in accidents and property dam- 
age make such lighting economically 
sound and desirable. 

Where there is a continuing flow of 


tions 


motor cars, and more especially where 
pedestrians must cross these streams of 
vehicles, the upper beams of headlights 
present a very serious hazard. In gen- 


eral, the use of only the lower or 
traffic beam should be permitted on 
lighted streets. 

Driving with parking lights only in- 
volves a definite hazard to pedestrians 
on all but the very few streets which 
are lighted in accordance with the 
highest standards. Parking lights com- 
mand insufficient attention to approach- 
ing cars. 

The foregoing abstract sheds some 
light upon a matter that should con- 
cern every  public-spirited person. 
Street lighting seems to be the first ob- 
ject of attention when reduction in 
civic expenditure is under considera- 
tion. During the early °30’s street 
lighting expenditure was cut down by 
many cities and the number of traf- 
fic accidents was immediately increased. 
Conversely since then it has been found 
that fewer accidents invariably follow 
improvements in street lighting. 


Hamilton Bustard, 
Kemptville 

Hamilton Bustard, Commissioner, 
Kemptville Hydro-Electric Commis- 
sion, died on Tuesday, July 29th, 1941, 
after several months’ illness. 

Mr. Bustard was born in County 
Fermanagh, Ireland, 66 years ago. He 
came to Canada as a youth, and for 
many years conducted a jewelry and 
optician business in Kemptville. He 
was interested in municipal affairs of 
the village and was for a time on the 
board of education. In January, 1926, 
he was elected commissioner of the 
local Hydro commission where he has 
served continuously until his death. 

As a citizen of Kemptville he was 
well known and highly respected. He 
took a keen interest in outdoor sports 
and the work of fraternal organizations. 
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Hydro’s War Service 


By Dr. Thomas H. Hogg, Chairman and Chief Engineer, 
The Hydro-Electric Power Commission of Ontario 


T the outset I would like to 
make it clear that from the 
very beginning of the war, 
in fact before war started, 

the Commission realized that its contri- 
bution in this war could not be any 
part-time effort. It realized that in 
order to provide the necessary power 
and the necessary service for Ontario’s 
war effort it had to re-organize its 
total effort on a wartime basis to meet 
any and all demands for electric ser- 
vice required by essential war indus- 
tries. 

Such planning presented difficult 
problems, because in the Fall of 1939 
we had no conception of the magni- 
tude of the task ahead of us. Many 
unfortunately were thinking in terms 
of 1914-18 and it was not until the 
fall of France in June, 1940, that the 
Nation realized the immensity of the 
task confronting it. In fact today, be- 
cause this continent has not felt the 


From addresses given by Dr. Hogg before the 
Ontario Municipal Electrical Association, District 
No. 6 at Stratford on October 22, 1941 and District 
No. 7 at St. Thomas on October 24, 1941. 
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immediate horrors of total war, there is 
still a large percentage of the popula- 
tion who fail to appreciate the immin- 
ent danger which the peoples of this 
continent and Great Britain face and 
which appears to be gradually closing 
in upon us. 

However, I do not intend to dwell 
upon the military situation in Europe, 
but I would like to emphasize how im- 
portant are our individual efforts to- 
wards the successful outcome of this 
war. Our jobs in this Hydro enter- 
prise are to provide the motive power 
from which munitions of war can be 
speeded to the battle fronts where our 
fighting men are holding the Nazi in- 
vaders at bay. 

We can, and are beginning to, make 
a great contribution in Ontario in 
providing the munitions and supplies 
so urgently needed in Great Britain 
and in Russia. In Ontario we have 
the most extensive electrical undertak- 
ing on this continent but, as I stated 
soon after the war started, it is not 
enough for us to supply power as, if 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discussion 
of “Hydro” matters and to maintain 
the co-operative spirit between muni- 
cipalities, as well as between muni- 
cipalities and the Commission. Articles 
of interest are invited for publication. 


and when needed for war munitions; 
we all of us must insure that our 
valuable electrical power is used effi- 
ciently and to the best advantage in 
the manufacture of essential war ma- 
terials. The Commission’s engineers 
have already done valuable work in 
industry in giving advice on the efficient 
use of electric power to speed up the 
Speed, 
and more speed, is today more urgently 


manufacture of war materials. 
required than ever. ‘Tanks, planes, 
and armaments of all kinds must be 
rushed across the Atlantic in ever in- 
creasing numbers. 


- duction. 


Our primary duty, of course, is to 
provice and insure a continuous service 
to plants manufacturing essential war 
materials. 


The duty of providing sufficient and 
adequate power resources in Ontario 
falls to the Commission and, as you 
know, the Commission made plans to 
insure this before war broke out, and 
at the outbreak of war redoubled its 
effort to strengthen its systems to insure 
that all the heavy demands for electric 
service could be met promptly. Today, 
after two years of war, the Hydro is 
supplying about one-half million horse- 
power, or approximately 25 per cent 
of its total output, for direct war pro- 
You will realize, of course, 
that this additional war load, serving 
a wide and diversified field has de- 
manded a large amount of new con- 
struction work, increasing the capacity 
of generating resources and of trans- 
facilities 


mission and_ distribution 


throughout the Province. It has neces- 
sitated careful planning by the Com- 
mission’s engineering staff who had to 
anticipate demands months and years 
aheaa of requirements. 


During the first year of the war the 
Commission spent more than $11,000,- 
000 in new capital construction, and 
this year ending October 31 it will 
have spent about $17,000,000. 


INCREASED INDUSTRIAL WaArR LOADS 


The increased industrial load that 
has taken place since the war started 
is mainly attributable to the demand of 
large plants engaged on munition work 
served by The Hydro-Electric 
Power Commission on behalf of the 
Thus the estimated increase 
above peacetime requirements for the 


and 
systems. 


three southern systems, to December 
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1940 was 180,000 horsepower, and of 
December 1941 over December 1940, 
270,000 horsepower, a total increase for 
the two-year period of no less than 
450,000 horsepower. Of this amount 
about one-third is due to increased 
municipal load, and two-thirds to in- 
creased load of industries served direct 
by The Hydro-Electric Power Commis- 
sion. 


Up to December 1940 there had 
been an increase in surplus export of 
some 90,000 horsepower, but little addi- 
tional surplus was available for export 
in 1941, as primary demands have used 
up all additional supplies as they be- 
came available. 


With regard to the increased load of 
industries served by municipal utilities, 
it must be understood that manufac- 
turing plants which have been switched 
to war work still utilize to a large 
extent the same mechanical and elec- 
trical equipment and, therefore, if they 
were steadily before the 
change, did not increase greatly their 
power demand, but working longer 
their energy consumption is 
greatly increased. In round figures the 
percentage energy consumption increase 
is about twice the percentage increase 
in horsepower demand. 


working 


hours 


ELECTRICITY IN MANUFACTURING 


There can be no doubt about the 
value of electric power in the produc- 
tion of munitions and supplies, but few 
people realize the great advantage that 
Canada, and particularly Ontario, has 
in this regard. 

Since the last war there has been a 
rapid evolution of power machinery 
in manufacturing and mining indus- 
tries in Canada toward electric drive. 
With no coal mined in the chief manu- 
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facturing provinces of Ontario and 
Quebec, and with the large supply of 
water power within economic transmis- 
sion distance of manufacturing and min- 
ing centres in these and in most other 
provinces, this trend has been more 
pronounced than in many countries. 
For example, in Canada at the end of 
the last war there was a total of about 
1,000,000 horsepower in electric motors 
used in the manufacturing industries, 


but today there is a total of about 


5,000,000 horsepower used in electric 
motor drives. 


New Suppwies oF POWER 


Since the war started additional sup- 
plies of power have been secured by 
purchase under the Quebec contracts 
and by the construction of new devel- 
opments. 


When the war started in 1939 the 
excess capacity of the three southern 
systems—Niagara, Georgian Bay and 
Eastern Ontario—amounted to about 
170,000 horsepower, and there was 
scheduled for future delivery under the 
Quebec contracts an additional 140,000 
horsepower, or a total of 310,000 horse- 
power available for future growth. 
Under the schedule of deliveries the 
last block of Quebec power was not 
due sunti. November 1944. Due (to 
increased war demands however, it was 
necessary to advance delivery of cer- 
tain blocks of power, and of the total 
of 140,000 horsepower scheduled in 
1939 for future delivery, 90,000 horse- 
power has been taken in advance of 
schedule, and the remaining 50,000 
horsepower from Beauharnois will be 
taken as soon as it becomes available 
next year. 


Arrangements have also been made 
to purchase an additional 82,000 horse- 
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power from Maclaren Quebec Power 
Company; 57,500 horsepower of which 
is for the duration of the war. 

Negotiations are also underway for 
the purchase of a block of power from 
the Gatineau Power Company on a 
short term basis. 

On the Niagara river additional 
water diversion of 8,000 cubic feet per 
second has been obtained by negotia- 
tion with the United States Govern- 
ment. About 3,000 scubicmtcet sper 
second of this additional water flow 
is in consideration of the additional 
water to be added to the Great Lakes 
by the Ogoki and Kenogami diver- 
sions. ‘The additional water-flow has 
enabled the Niagara river plants to 
produce some 1,300,000 kilowatt-hours 
per day for munition production. 

By purchase from Quebec and by 
using additional water at Niagara 
Falls, we have been able to add about 
172,500 horsepower to the capacity of 
the Niagara 
started. 

In the fall of 1940 we commenced 
the construction of two new devel- 
opments. 


system since the war 


For the Georgian Bay system a 10,- 
000 horsepower plant at Big Eddy on 
the Musquash river was commenced. 
Exceptionally rapid progress was made 
on the construction of this plant, 
which was placed on commercial load 
this month, on October 11th. 

In the Eastern Ontario system a 54,- 
000 horsepower plant at Barrett Chute 
on the Madawaska river, and a storage 
dam in connection therewith at Bark 
lake, are being constructed. Good pro- 
gress is being made also on this devel- 
opment, and it is anticipated that the 
first unit will be in operation on July 


Pee Rr 


On the Musquash river there remain 
two undeveloped power sites aggregat- 
ing 15,000 horsepower. Development 
of one of these sites will be undertaken 
next year. 

To provide for further primary 
growth on the Niagara system, con- 
struction was started last month on a 
new 25-cycle plant at DeCew Falls 
adjacent to the present 60-cycle gener- 
ating station formerly owned by the 
Dominion Power and _ ‘Transmission 
Company. 

This plant will have an _ ultimate 
capacity of 200,000 horsepower under 
a head of 285 feet using approximately 
3,900 cubic feet per second of water 
conveyed through the new Welland ship 
canal with improved local pondage. 

Present plans, however, call for the 
installation of one 65,000 electrical 
horsepower unit operating at a head 
of 265 feet. It is expected that this 
plant will be ready for operation by 
the end of June 1943. 

To provide sufficient water to oper- 
ate this development at its ultimate 
capacity of 200,000 horsepower it will 
be necessary to use the water now being 
employed to operate the present 60- 
cycle .dévelopment: , It 1s) “expeeted, 
however, that when this time arrives the 
60-cycle load will have been changed 
to 25-cycle operation. 


CO-ORDINATION OF POWER SUPPLIES IN 
SOUTHERN ONTARIO 


To an increasing degree generating 
plants and transmission and distribu- 
tion networks operated by the Commis- 
sion on behalf of the three co-operative 
systems of Southern Ontario, namely 
the Niagara, Georgian Bay and Eastern 
Ontario systems, tend year by year to 
become linked together in so far as the 
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physical properties are concerned. Thus 
the Niagara system is linked to the 
Georgian Bay system by frequency- 
changers at Mount Forest and Hanover. 
It is also linked to the Eastern system 
by a frequency-changer at Chats Falls. 
These frequency-changers and _ their 
associated tie transmission lines are of 
sufficient capacity to permit interchange 
of substantial blocks of power from one 
system to another, so that diversity in 
the time of peak load, fluctuating en- 
ergy requirements 
power supplies available from different 
power plants may all be co-ordinated to 
smooth out the demand curve to the 
advantage of the interconnected sys- 
tems. Connections are also available 
to certain municipal and _ privately 
owned systems. This pooling of power 
resources in Southern Ontario reduces 
the amount of reserve plant required, 
and providing the tie lines and fre- 
quency-changer plants are of ample 
capacity, all reserve plant becomes 
available to any system. 

The net practical result of this co- 
ordination of power supplies is equi- 
valent to the provision of additional 
generating capacity in all three systems. 


FREEDOM FROM INTERRUPTIONS 


It has often been pointed out that 
the Commission in constructing its 
power developments and transmission 
networks considers that the wisest, and 
in the long run, the most economical 
practice is to follow the policy of in- 
stalling the best available equipment. 
A long record of freedom from serious 
trouble in its transmission lines fully 
justifies this policy. 

Of course it is not possible to guard 
against every possible contingency. Re- 
cently, as you know, the three main 
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Or variations “in. 


transmission lines first constructed from 
the east, which for most of their length 
are on the same right-of-way, were 
subjected to a freak storm, commonly 
referred to as a twister, which within 
a few minutes and within a distance of 
less than half a mile destroyed towers 
on each of the three separately-sup- 
ported circuits. The damage occurred 
at 4.45 p.m. on October 7th, about five 
miles west of the Cloyne road, directly 
north of Napanee. 

As much as possible of the load was 
transferred to the fourth main eastern 
transmission line, which at this dis- 
tance from Toronto is far to the south. 
In fact we are able to transmit on this 
line about 50 per cent more than its 
designed capacity. It took some time 
of course to locate the breakage and 
to transport the necessary emergency 
equipment to the spot, which was 
reached a little after midnight. By 
clearing away the debris, including the 
broken towers, the emergency squads 
were able to restore service on one line 
just at daybreak. 

Continuing their labours they were 
able by erecting temporary wooden 
structures to restore service on the 
second line the same afternoon. Per- 
manent repairs were immediately 
started on the third line, and within a 
week spare towers had been erected 
and service was fully restored on all 
three lines. 

I would like to explain here that it 
would be economically unsound to build 
towers on our lines strong enough to 
stand up against freaks of nature, such 
as twisters. Towers could be built strong 
enough, but you can imagine their 
appearance. ‘They would have to be 
very heavy in construction and would 
cost perhaps five or six times the pre- 
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sent cost. No one would advocate pay- 
ing five or six times their cost in order 
to protect the Commission’s service 
from an interruption that may occur 


only once or twice in a lifetime. 


EFFICIENT UTILIZATION OF Hypro 
SERVICE 


One means of avoiding wasteful use 
of electricity is to assist consumers to 
make the most efficient use of their 
The work of the Sales 
Promotion department of the Commis- 
sion was, therefore, modified during 
the past two years to meet the changed 
conditions imposed by the war. A large 
number of factory inspections were 
made and special engineering reports 
prepared to assist plants producing war 
materials to operate more efficiently. 
This engineering service, 
which dealt with improved lighting, 
motive power and heat treatment, was 
welcomed and used to excellent advan- 
tage by many industrial organizations 
throughout the Province. In the rural 
field effort was made to foster the use 
of electricity on the farm in ways that 
would release manpower and enable 
the farmer to produce in greater vol- 
ume at lower cost. 

P do not think lv need" urge. that 
officials of the local Hydro utilities 
co-operate with their local industries 
to make sure that Hydro service is 
being effectively used in the channels 
of war production to improve quality 
and increase output of. essential ma- 
terials. 


Hydro service. 


advisory 


RESTRICTIONS IN POWER 
CONSUMPTION 


Towards the end of the last war the 
Commission was supplying more than 
186,000 horsepower for the manufac- 
Of this amount 30 


ture of munitions. 


to 35,000 horsepower was off-peak 
power. A serious shortage developed 
and drastic steps were taken to relieve 
the shortage. The various municipali- 
ties were at that time able to adjust 
their consumption so as to reduce the 
load on-peak by from 20,000 to 30,000 
horsepower. 

Up to the present there has been no 
necessity for drastically curtailing the 
use of electricity, but the Commission’s 
engineers have been studying ways and 
means for conserving our electric power 
resources when the time comes. 

The chief adjustment so far made 
during this war to reduce the demands 
of the municipalities, has been the 
adoption and extension of daylight- 
saving time. By staggering the hours 
of peak load in this manner it is esti- 
mated that during the winter of 1940- 
41 a saving of about 80,000 horsepower 
at peak was effected. A similar or 
slightly greater saving will result from 
the same cause during the present win- 
(oo 

Another step taken to check the in- 
crease in the municipal load has been 
the prohibition of the sale of new 
water heaters. In this connection cer- 
tain municipalities are equipped with 
means of cutting off the flat-rate water 
heaters during the peak load times of 
the day. 

Several other means of restricting 
growth in load or making actual savings 
in present consumption are available, 
such as the reduction of the hours of 
street lighting, eliminating display signs, 
cutting down store window lighting, 
prohibition of the sale of air heaters, 
the use during short peak load periods 
of auxiliary gasoline, Diesel or steam 
plants. During the last war a campaign 
was conducted through the daily press 
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and by means of other agencies to in- 
duce the public to reduce their de- 
mands by various methods. 

At the present time we are not in a 
position to announce which, if any, of 
these methods of power conservation 
are or will be needed. We do not 
expect to have to impose many of these 
restrictions this winter. So far as the 
ordinary citizen is concerned, he may 
continue to use electricity as required 
in accordance with his usual practice. 
Nevertheless. and especially during the 
early winter evenings from November 
to February, he should avoid waste and 
extravagant use of electrical energy. If 
the domestic consumer will conscien- 
tiously exercise reasonable economy and 
be guided by instructions which will be 
issued from time to time by The Hydro- 
Electric Power Commission and_ his 
local commission, it is hoped that dras- 
tic curtailment in any particular form 
may be avoided. 


RuRAL ELECTRICAL SERVICE 


One of the ways in which the Com- 
mission’s programme must 
modified is in the matter of extensions 
to rural electrical service. For some 
years prior to the depression, and in- 
deed up to 1931, there was a notable 
increase in the growth of electrical ser- 
vice in the rural power districts of 
Ontario. During the depression this 
growth was curtailed, but since 1936 
extensions to rural electric service have 
been phenomenal, and the aggregate 
peak load in rural power districts has 
more than doubled. So successful in- 
deed has this programme of extension 
been that the Commission estimates 
that more than 80 per cent of rural 
citizens living within economic trans- 
mission distance of Hydro sources of 


now be 
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supply are now being served with elec- 
tricity by the Hydro, or have Hydro 
lines adjacent to their property. It is 
estimated that by the end of 1941 more 
than 20,000 miles of rural primary lines 
will have been constructed to serve no 
less than 130,000 rural consumers. The 
capital expenditure on these lines and 
equipment will have reached $39,000,- 
000, towards which the Government by 
grant-in-aid will have contributed $19,- 
500,000. 

It is fortunate indeed that such good 
progress was made in rural electrifica- 
tion during the past few years, because 
the Commission, much to its regret, is 
forced by the war demands to eliminate 
further except of 
course where they are made to serve 
The 
few extensions now underway will be 
completed. As indicative of the causes 
which render it necessary to suspend 


rural extensions, 


war industries, flying fields, etc. 


new construction, it may be stated that 
Canada has to import for the manu- 
facture of rural transformers a special 
type. ob ssilicon. steel 
Canada, and it is necessary to conserve 
such supplies as are still available for 
the maintenance of existing lines. Pri- 
orities respecting the use of all steel, 
copper and aluminum for war purposes 
also affect the situation. The action 
with respect to the extension of rural 
lines is in conformity with a ruling of 
the Dominion Power Controller. 


not made in 


CONCLUSION 


Finally I would urge upon you the 
necessity of not being misled by the 
apparent ease and smoothness of our 
economic life in Canada to-day. No 
little credit for this state of affairs is 
due to the steady functioning, day-in 
and day-out, of our electric supply sys- 
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tems throughout Canada. Far removed 
from the present actual theatre of war, 
Canada for the past two years has been 
reaping the benefits of the great growth 
in hydro-electric development and the 
concurrent growth in her manufactur- 
ing facilities that has taken place since 
the last war. This growth has been 
greatly in excess of peacetime home 
consumption requirements, and has en- 
abled us during the past two decades 
to become one of the great exporting 
nations of the world. We could, there- 
fore, enter upon a war construction 
and munitions manufacturing pro- 
gramme of considerable magnitude, and 
advance a long way upon this path, 
without noticeably restricting the pro- 
duction of consumer goods for our own 
people. But there are evidences on 
all hands that this state of affairs is 
coming to an end, and that from now 
on every move we make as individuals 
and as citizens of the Empire will have 
to be evaluated in the light of the 
question, ‘“‘does this proposed action 
contribute “to. “the v ware, effort of 
Canada?” 

One more point. You men, who are 
Hydro Commissioners, I am sure fully 
realize the part being played by Hydro 
in this war. But I think you will agree 
that it is difficult to inform the public 
about our operations because they are 
so large, so widespread and so complex. 

We are handling a product that is 
used in all urban and most rural homes, 
but it is only in time of trouble that 
our service, or rather lack of service, 
is brought into the limelight of public 
opinion. 

Furthermore, when we have to make 
some decision for the benefit of the 
majority, such a decision may possibly 
be to the detriment of a minority. We 


may not, therefore, be able to please all 
the people all the time. 

I am, therefore, going to suggest to 
you that you should, as Hydro Com- 
missioners, familiarize yourselves with 
Hydro’s operations and then champion 
Hydro in your own communities. And 
if there is ever anything you do_ not 
understand or want to know about 
Hydro either write to us—or better 
still come and see us. My door is 
always open. 


Precautions During Storms 


Dr. P. L. Ballaschi, Westinghouse 
engineer, has drawn the following con- 
clusions from a survey of more than 
100 lightning fatalities. First and most 
important, get under a shelter as 
quickly as possible. Houses, barns and 
other buildings—the bigger the better 
—are good shelters. The top and sides 
of buildings will usually provide a bet- 
ter conductor path than the human 
body for lightning to reach the ground. 
When a storm threatens, keep off golf 
courses, suspend outdoor games, don’t 
ride bicycles, or horses and don’t oper- 
ate exposed machines such as tractors. 
Avoid shelter under trees, particularly 
isolated trees. Stay away from poles, 
masts, and other exposed objects pro- 
jecting skyward. Stay in your car if 
an electrical storm suddenly develops 
while you are motoring. About 90 
percent of lightning casualties occur in 
rural districts and open spaces where 
the exposure hazard is greatest. Barns, 
farm houses and structures located on 
the outskirts of cities are made safer 
by the erection of lightning rods.— 
Journal of Applied Physics. 
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Freak Storm in 


HE facts of the freak storm 

which attacked three Ontario 

Hydro 220-kv. lines serving 

metropolitan Toronto district 
from the east are as follows:— 

On the afternoon of October 7th, 
when there appeared to be fairly set- 
tled weather conditions, fair winds or 
gales were blowing in different parts 
of the province; however, no one 
seemed to be inconvenienced. In the 
course of the afternoon, a patrolman 
located along the 220-kv. system north 
of Belleville noticed a small, more than 
usually dark cloud moving from north 
to south some distance east of his sta- 
tion. Although this occurrence was 
noticeable and somewhat unusual, it 
did not impress him sufficiently to war- 
rant a telephone report. ‘There was 
no evidence of a tornado funnel or the 
like; however, delivery of power over 
one route of three single circuits from 
the east to metropolitan Toronto was 
presently interrupted. 

On examination during the night of 
October 7th, it was found that consid- 
erable physical damage had been done 
to the three 220-kv. lines and the tele- 
phone circuit on this route. The des- 
tructive path of the storm was very 
narrow, was generally along the trans- 
mission line route, and was quite 
local. The path was from 100 to 200 
feet wide and apparently did not extend 
great distances into the second growth 
scrub timber on either side. It was 
followed on October 8th not more than 
100 feet into the bush on either side 
of the line and for a distance of about 
2,000 feet along the 450-foot cleared 


strip. Where it did extend into the 
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Eastern Ontario 
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Sketches showing locations and rela- 
tion of storm path to the towers of the 
three circuits. | 


timber on the north side of the right- 
of-way, very many six-inch birch and 
poplar trees were found in one area 
felled generally towards the east. In 
another area, not more than 200 to 
300 feet distant, another group of 16 
to 20 trees was found lying generally 
in the opposite direction. Through 
the path across the right-of-way there 
were extraordinary occurrences such as 
the following. 

Two towers were collapsed in the 
north 220-kv. line, one in each of the 
other two lines, and the telephone con- 
ductor was severed, with one pole lost. 
No conductor or other cable on the 
three 220-kv. circuits severed. 
The aluminum covering of some of the 
conductors of one 220-kv. circuit was 
stripped, only one tower head moved 
along line so that it was about as long 
lying on the ground as when in the 
air. . The other three towers collapsed 
vertically, having been held by the con- 


was 
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ies 


A heap of twisted wreckage was all that was left of this 220 ku. tower. 


ductors. The conductors had _ prac- 
tically, dropped vertically. Men and 
-materials were available and were at 
the quite remote site within an hour 
after the failure was located. 

Service on one of the three circuits 
was restored during the night, and on 
the second circuit late in the afternoon 


of October 8th. 


New towers were 


erected for the northerly circuit in the 
course of the following day. 

The four rock foundations were not 
appreciably disturbed. The anchor 
bolts and steel foundation channels at 
one corner of the tower which was 
lying stretched along line were moved 
easterly slightly. Restorations were 
made by re-aligning the anchor bolts. 


» | 


“Bird-caged” aluminum, indicating where clamps had slipped along conductors. 
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Foundations, in practically all 16 cases, were.intact and usable. One was 


adjusted. 


During the course of this disturbance, 
load dispatching and system stabilities 
were major problems for the operating 
engineers. Once control was secured of 
the customer demand, the system set- 
tled down with a fourth new 220-kv. 
line (from Beauharnois), which was 
not involved in the local storm, carry- 
ing 360,000 horsepower, a considerable 
overload from any operating engineer’s 
point of view. This line is reported as 
having been only momentarily in 
trouble, twice during the period, once 
because of lightning near Beauharnois, 
and a second time apparently because 

of instability. 

On the morning of October 8th, it 
was possible to observe some extraordin- 
ary physical conditions in the storm 
path. Many stones, weighing 25 to 
30 pounds, had been picked up out of 
their natural location, carried 20 or 
more feet, and left lying on the sod; 
one steel tower member, several feet 
in length, was found lying in moss some 
1,200 feet from the collapsed tower. 
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It had been torn loose at each end. 
Itcarrieds one. bolt. 

A few larger stones, weighing 75 to 
100 pounds, were turned over and 
moved about, The telephone pole re- 
ferred to as lost was found in the bush 


A 25 ft. by 9 in. telephone pole, with 


crossarm and insulators still attached 


through the lag screw of the braces, as 
found in the standing timber adjacent 
to the 450 ft. cleared strip. 
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Freshly turned earth where the wind had an opportunity to create a furrow 


at a rock outcrop. 


some 400 to 500 feet removed from its 
location. 

A more careful examination at the 
site and a review of the local press 
brings out two interesting items. 

The storm path appeared to be tra- 
velling from west to east in the vicinity 
of the structural failure. On climbing 
the transmission towers, the storm path 
could be recognized removed some 300 
feet from the right-of-way. It could 
be followed paralleling the lines for 
about 2,500 feet west of the point where 
it crossed. It had cleared a path of 
standing timber some 100 to 200 feet 
wide including large pine trees. 


Photographs are included which in- 
dicate how, at the centre of the path 
when crossing the transmission line 
route, earth was ploughed at rock out- 
crops.. One photograph shows earth 
turned over as a furrow some three to 


four feet in width and _ indicating 


heights of 15 inches with large rocks 
included in the turnover. 

So far as can be checked there was 
only a minor difference in the time 
of another “bounce” which was re- 
ported in the local press some 20 miles 
east where farmsteads and agricultural 
developments were seriously affected. 
The Perth Courier of October 16th re- 
ports the story in a half-column article, 
including the following— 


“There (lots 5, 6, and 7, concessions 
1, 2, and 3, respectively, of Sherbrook 
township) roofs were blown off barns, 
cow byre, horse stable, etc.; hay stored 
in barns may have to be stacked; two 
stacks of hay were blown completely 
away, some of the hay lodging in trees 
on a farm six miles distant; a garage 
was whisked away and smashed to 
kindling; an auto was dumped on a 
rock pile a hundred feet away and 
completely wrecked; one section of the 
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The smooth surface, some three feet long to the left of the rock sticking out of 
the 15 to 18 in. elevated earth, is the extent of this particular turn-over near 


the centre of the storm path. 


car was found a half mile away from 
where the car was sitting when the 
storm broke; ... shade trees of spruce, 
balsam and maple, large enough that a 
man could not put his arms around one 
of them were uprooted or snapped off 
a few feet above ground; the house 
was jolted out of position on the foun- 
atone s4 241", 

Pinersiorn . . 40. snapped. to, the 
ground a pathway of trees fifty feet 
wide through the centre of a sugar 
bush, levelled the sugar-making house, 
and moved a residence slightly out of 
position on its foundation. 


“The storm seemed to descend to 
earth much as would a bouncing ball, 
landing here and there, and doing ter- 
rific damage where it struck, then lift- 
ing and passing over adjacent proper- 
ties; path of the storm varied from 
about fifty to about one hundred feet 
in width. 

“Huge rail were removed 
completely; the rails . . . . were carried 
high into the air and were forced back 
to earth with such velocity as to be 
driven several feet into the ground, so 
far that a team of horses was required 
tompullgany,.one ol them=out..y8) v2 


fences 
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O. M. Perry, Windsor 


On the evening of Friday, October 
24th, 1941, Oliver Mowat Perry, Man- 
ager of the Hydro Division of the 
Windsor Utilities died 
suddenly at his home in Windsor, aged 
56 years. 

“O. M.” was born at Cloyne in 
Frontenac County, Ontario, and at- 
tended school in Perth, following which 
he taught school for a short while. 
He then went to Queen’s University 
and after graduation entered the shops 


Commission, 


of the Canadian Pacific Railway at 
Montreal. 
Toronto, where he was employed in 


Shortly after he came to 


the Engineering Department of the 


Toronto Electric Light Company, 


Limited for one and a half years, later 
going with Smith, Kerry and Chase 
on the Central Ontario system. 

When the Windsor Hydro Electric 
System was started in 1913 he was 
made manager in charge of planning 
and construction of distribution within 
the city preparatory to receiving power 
through the Hydro, as well as its oper- 
ation after it was put into service. 
Later on the formation of the Windsor 
Utilities Commission he was made man- 
ager of the Hydro Division. Windsor 
contract was for 2,500 h.p. In 1914 
when power was first taken the load 
was’ 090° hip. “since ¢thatstime = the 
growth of the Windsor load has been 
such that for 1941 it will be well over 
44,000 h.p. This is but a reflection of 
the faith he had in his work and of 
the utility of which he was a champion 
from its very inception. 

Mr. Perry was closely associated with 
the community life in Windsor and 
deeply concerned with the city’s wel- 
fare. He was widely known and highly 
respected in Hydro circles throughout 
the province, taking an active part in 
the Association of Municipal Electrical 
Utilities on whose executive he served 
for a number of years, being President 
in 1935. He was holding the office of 
Chairman of the A.M.E.U. Merchandis- 
ing Committee at the time of his death. 

An enthusiastic golfer, few men en- 
joyed the sport more than he. It was 
his chief recreation, playing late and 
early, only the heavier snows of winter 
keeping him off of the course. He 
was proud of his membership in the 
“Hole-in-One” Club for which he 
qualified in December, 1927. 

His engineering ability was recog- 
nised in all his contacts with the Com- 
mission’s staff, while his wonderful per- 
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sonality and ready co-operation resulted 
in his widespread popularity among the 
Hydro utilities and in other walks of 
life. 


L. A. Foulds, Paris 


Louis A. Foulds, Commissioner of 
the Public Utilities Commission of the 
Town of Paris passed away on Satur- 
day, October 4th, 1941, following a 
short illness. 

Mr. Foulds was born on a farm in 
Brantford township near Paris forty 
years ago and attended Paris public 
and high schools. time he 
farmed near Glenmorris but in 1928 
went to Paris as an automobile sales- 
man. He became manager of the busi- 
ness and after a time took it over, 
naming it Paris Motors, Limited. He 
was an aggressive business man and 


For a 


a successful executive. 
He was active at all times in fur- 
thering the best interests of the town 


OcTOBER, 1941 


and was for several years a councillor. 
In 1938 he was elected commissioner 
of the Public Utilities Commission, 
where he has served continuously until 
his death. 

We regret very much the loss of Mr. 
Foulds and feel that the Paris com- 
mission, as well as the town, has been 
deprived of a very valuable and useful 
citizen and official. 


Why Rural Consumers 
Get Mad 


The prevalence of starlings in Ontario 
has been causing an increasing number 
of interruptions to rural lines, partic- 
ularly where voltages exceed 2300 volts 
to ground. ‘These interruptions vary 
all the way from minor interruptions 
involving one transformer and one con- 
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sumer to major interruptions affecting 
large areas, much to the annoyance 
and inconvenience of the consumers. 

“Bird Trouble” is most pronounced 
when birds are gathering in flocks to- 
ward the end of the summer. 

The illustration shows what hap- 
pened to a starling when it got too 
chummy with both ends of a cutout 


The insu- 
lator broke when the short occurred 
and so did the bird. No interruption 
occurred as the fault current did not 
go through the fuse and the insulator 
separated sufficiently at the break so 
that it was not affected by rain. In 
other words, the porcelain insulator was 
replaced by air insulation. 


insulator at the same time. 


ff comme yf 


International Plowing Match 


HE International Plowing 

Match and Farm Machinery 

Demonstration of the Ontario 

Plowmen’s Association was held 
this year October 14th to 17th inclu- 
sive on the farm of R. T. Lillico, 
approximately five miles from Peter- 
borough. 

Rain was experienced on the first 
day of the match which seriously cur- 
tailed the attendance. The remaining 
three days however, were bright and 
clear and resulted in an excellent at- 
tendance which was estimated at 95,- 
000. 

There were 641 entries in the plowing 
contest which took place convenient 
to the headquarters area. 

The concession area covered 12 acres 
of land and provided 4,500 feet of 
frontage for exhibits. The electrical 
distribution system required the erec- 
tion of some 2,500 feet of primary and 
secondary bus serving 68 exhibitors 
with a load of 87.4 kilowatts. The 
water supply was obtained from the 
city of Peterborough by means of a 
tank truck and was pumped from a 
1,000-gallon storage tank through 
approximately 1,100 feet of pipe with 
hydrants conveniently located to the 
caterers’ tents. 


The farm machinery exhibit was 
more extensive than at previous plow- 
ing matches and the keen interest taken 
in the mechanical equipment demon- 
strated, including electrical equipment 
for the farm, particularly milking 
machines, reflected the serious labour 
problem being experienced by many 
farmers, particularly those in the dairy 
industry. 

Among the interesting features of 
the match was a demonstration by a 
detachment of the Royal Canadian 
Artillery from Petawawa who demon- 
strated the ability of the modern gun 
tractor to negotiate difficult terrain. 
A detachment of the Royal Canadian 
Engineers from Petawawa also gave a 
demonstration of the construction of a 
temporary derrick which attracted large 
audiences twice a day throughout the 
match. 

On Friday afternoon the Plowmen’s 
Association was honoured by a visit 
from His Excellency, The Earl of Ath- 
lone, Governor General, and Princess 
Alice, who took a very keen interest in 
the contests and other features of the 
Plowing Match. 

The Hydro-Electric Power Commis- 
sion trophy was won by Russell Wat- 
son of Woodbridge. 
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Exhibit in the 


The H.E.P.C.’s exhibit was housed 
as usual in a large tent and consisted 
of representative pieces of electrically 
driven farm equipment; such as, milk- 
ing machines, brooders, 
grain grinders, pumps, etc. 

One new item in the farm section 
that attracted considerable attention 
was the pig brooder manufactured by 
J. R. Dean, Superintendent of Wheatley 
Hydro-Electric System, Wheatley, Ont., 
and if the enquiries and interest shown 
in this item were any indication of the 
need for this piece of equipment it 
should not be long before it is success- 
fully established as an essential piece 
of farm equipment. 

The display of appliances for home 
use was considerably reduced this year 


separators, 
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Hydro tent. 


owing to the difficulty in obtaining 
suitable merchandise for display. 

Modern electrical transcriptions, such 
as millions listen to everyday on the 
radio, played an important part in 
attracting large groups to our exhibit. 
The record carried a breezy, educa- 
tional conversation between a typical 
young farm couple, Tom and Mary 
White and their older friend, Joe 
Brown—during the course of which Mr. 
Brown thoroughly convinced his young 
friends that Hydro powered milking 
machines, coolers, grain grinders and 
similar equipment are the answer to 
the war-time labour shortage problem. 
The characters were played by a group 
of well-known ‘Toronto 
formers. 


radio _per- 
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The Dark Winter Mornings 


URING the winter months, 
one frequently hears remarks 
regarding the darkness of the 
mornings. With daylight sav- 

ing time in effect, the mornings seem 
unusually dark and sunrise very much 
delayed. 
ber, this is particularly noticeable, for 
sunrise is gradually later while the eve- 
nings are lengthening until, in January, 
the sun is just rising as we are travel- 
ling to our offices but there is still 
about an hour’s sunlight after the offices 
close. 


The darkness of these mornings de- 
pends, of course, upon the cloudiness 
of the sky as well as the time of sun- 
rise. The former is not predictable 
over any appreciable period, but sun- 
rise, and also sunset, recur regularly 
from year to year with the seasonal 
variations definitely known. 


The times of sunrise and sunset at 
any given point on the earth’s surface 
depend upon several factors, namely : — 


(a) The earth’s orbit being an ellipse 
instead of a circle, results in varia- 
tions in the angular velocity of the 
earth around the sun. Sometimes, 
on this account, the sun would be 
ahead, and sometimes behind its 
yearly average time in crossing the 
meridian. This affects sunrise and 


sunset by a small amount both’ 


being later than average from Jan- 
uary to June and both early from 
July to December. 


The earth’s axis being inclined to 
to the plane of its orbit causes 
further variations in the 
crossing of the meridian and this 
two-cycle-per-year effect 


(b) 
sun’s 


is 2 


In the latter part of Decem-. 


whereby the sun is late from the 
winter solstice to the vernal equi- 
nox and also from the summer 
solstice to the autumnal equi- 
nox, i.e. respectively from Decem- 
ber. 22sto: Marche?) “ands itom 
June 22-to September>212) rhe 
sun then would be early during 
the intervening periods, namely 
from: March 21 to June 22 and 
bept., 21 to Decembeme22. 
these dates being closely approxi- 
mate. 


from 


The inclination of the earth’s axis 
also is the cause of the wide change 
in proportion of day and night 
giving the long summer days and 
the long winter nights, these both 
becoming greater for the higher 
latitudes until at the poles there 
are the continuous summer day 
with the midnight sun and the 
long unbroken winter night with 
the sun always below the horizon. 
Sunrise and sunset, therefore, vary 
according to the latitude of the 
point of observation. 


The longitude of the point of ob- 
servation, in relation to that of the 
standard meridian for the time 
zone being considered, is yet an- 
other factor. For westerly points 
in the zone, sunrise and _ sunset 
are later than for easterly points 
in the same zone. This effect is 
due to the convention employed 
in marking off the time zones and 
choosing the standard meridians 
as the bases for reckoning time. 


The additional hour for transfer- 
ring from standard to daylight sav- 
ing time is also a convention and 
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gives the effect of both sunrise and 
sunset occurring one hour later 
than they do by standard time. 

The central reference point for the 
city of Toronto, the Meteorological 
Observatory on Bloor St., has Latitude 
Ona 0 eNorun and) Poneitude, 
79° - 24", West of Greenwich. ‘The 
times of sunrise and sunset for the win- 
ter months at this point are given by 
the accompanying respective curves A 
and B. ‘These curves show how the 
winter mornings gradually darken until 
about January 6 but the evenings begin 
to lengthen about December 12. 

It will be seen from the foregoing 
discussion that the times of sunrise and 
sunset, as stated in daylight-saving time, 
depend upon five factors, three of 
which 
tional, the latter, of course, being mat- 
ters of convenience. Usually, where a 
number of factors contribute to one 
result, it is interesting to analyze these 
factors and note their individual effects. 
The accompanying graphs give a par- 
tial analysis in this case, as follows: — 

If the earth’s orbit were a circle and 
its axis perpendicular to the plane of 
the orbit, day and night would be 
equal, twelve hours each, on all parts 
of the earth, though possibly some con- 
fusion would arise at the poles. In 
this case, by Eastern Daylight Saving 
time based on the 75th meridian, the 
sun would rise each morning, at Tor- 
onto, at 7 hours, 17 minutes, 36 sec- 
onds and would set each evening at the 
same hour by the clock, as shown by 
curves C and D, giving the twelve- 
hour day, and equal night, without 
variation. 

With the earth’s orbit an ellipse, as 
it is, but again if the earth’s axis were 
perpendicular to the plane of its orbit, 


are natural and two conven- 
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small variations would occur in times 
of sunrise and sunset but the variation 
in the length of the twelve-hour day 
would be inappreciable, as shown for 
the winter at Toronto, by curves E 
and F. 

The inclination of the earth’s axis, 
causing both the two-cycle-per-year 
variation in the sun’s crossing of the 
meridian and also a wide variation in 
the proportion of day and night at 
Toronto, is the chief factor in deter- 
mining the times of sunrise and sunset 
here. 

When these three factors,—orbital 
motion, inclination of axis, and lati- 
tude,—are combined, the 
curves A and B, for sunset and sun- 
rise at Toronto, are obtained. Their 
positions on the vertical scales of time 
depend upon the conventional factors 
of longitude, standard time zones, and 
the daylight saving additional hour. 

It will be observed that the curves 
of sunrise and sunset, curves A and B, 
are offset horizontally with respect to 
each other. This is the result of the 
combination of the two factors, orbital 
velocity and axis inclination, the effects 
of which do not coincide on the aver- 
age line at any time during the year, 
and both are cumulative, downward, 
during December and January to delay 
both sunrise and sunset. It is the 
rapid lengthening of the day which 
overcomes this delay in sunrise about 
January 7 and causes it gradually to 
recede, or become earlier. 

The sun crosses any given meridian 
midway between sunrise and sunset on 
that meridian no matter at what lati- 
tude the point of observation may be. 
In summer, daylight will be longer, 
and in winter, night will be longer, the 
farther north from the equator the ob- 
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and sunset at Toronto, Eastern Daylight Saving Time. 


Curve A—Sunrise through the winter months. 


Curve B—Sunset variations. 


Curves C and D—Yearly average at Toronto. 


Sunrise at 7h. 17m, 36 sec. 


Curves E and F—Sunrise and sunset if the earth’s axis were perpendicular to the 


plane of its orbit,—.e., 


server is located. The resultant of the 
earth’s orbital motion and inclination of 
axis will determine the centre of each 
solar day, and the year is so adjusted 
to the effect of the “wobble” of the 
earth’s axis, known technically as “the 


if variations were due to orbital velocity only. 


precession of the equinoxes”, that the 
seasons will remain in place. The 
accompanying graphs, therefore, will 
apply, without change, to winter con- 
ditions at Toronto for a long period of 
years. 
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The Electric Utility in Canada 


By Wills Maclachlan 


ET there be light. Down through 
the ages has come this cry. 
Primitive man seeing the sun 
rise and dispel the darkness, 

seeing the moon give light at night 
and a forest fire light up the country- 
side, endeavoured to make light himself 
so that at night he could see and in the 
dark caves could carry on at his work. 
The torch, the lighted faggot, the wax 
candle, the oil lamp and the gas jet 
served his purpose to a limited degree 
but man was always searching for 
something more satisfactory. To assist 
him in his work he domesticated ani- 
mals and by the lever, the wedge, the 
roller and the wheel, endeavoured to 
relieve himself of physical labour. Later, 
by using the power of running water 
and, much later, that of steam, he was 
able to gain leisure from his labours 
and rise to higher achievements. 


It is difficult for us today to realize 
that it is only within a comparatively 
short period of time that the practical 
application of electrical power has made 
available those. many aids to our mod- 
ern life that we call necessities. 


Men working through all ages have 
been gathering facts and with these 
facts have endeavoured to interpret 
the laws of nature and apply them to 
their own purpose. 


In 1791, there was a baby born into a 
blacksmith’s family in England. He was 
Michael Faraday. As the boy grew up 
he was apprenticed to a book binder, 

‘and later came under the notice of Sir 
Humphrey Davy. He was appointed 
Peo octavenbe aid load 
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as an assistant in the laboratory of the 
Royal Institution of Great Britain and 
during the Thirties of the last century 
carried out investigations which so 
clearly developed, resulted in his report 
of 1841. His findings might be simply 
expressed as follows: a wire moved in 
front of a magnet has a current of elec- 
tricity induced in it; a wire through 
which a current of electricity is flowing, 


placed near a magnet, moves. 


In 1818 James Prescott Joule was 
born near Manchester. As he grew up 
he became interested in scientific re- 
search and, inasmuch as he had inde- 
pendent means, owning a brewery, he 
could devote time and energy to the 
development of his researches. The 
discovery having: been made that a 
wire or a fine filament of carbon was 
heated by a current of electricity flow- 
ing through it, he formulated, in 1840, 
a quantitative statement of the law 
according to which heat is produced 
in a wire by the passage of an electric 
current. 


Just prior to the time of these state- 
ments James Clerk Maxwell was born 
in Edinborough. He was educated in © 
Scotland and later held professorships 
in Aberdeen and London and was the 
first Cavendish Professor in Cambridge. 
Among the many great things he did 
in his life, possibly his mathematical 
interpretation of Faraday’s work was 
among the most far-reaching. 


There is no doubt that in any out- 
standing interpretation of the laws of 
nature the work of many men is found. 
It might also be likened to the build- 
ing of an arch, and in the arch that 
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is the foundation of the electrical in- 
dustry of today, we find the triple key- 
stone placed by Faraday, Joule and 
Maxwell. And out of their work has 
come the generator, the motor, the 
incandescent lamp and all of the heat- 
ing appliances from the simple domestic 
iron to the huge industrial heating fur- 
naces. 

We turn now from the physicist and 
worker in pure science to those who 
have adapted the truths that have been 
found and in the electrical industry the 
name of Thomas Alva Edison looms 
large. Born in 1847, he started to work 
at the age of 10 and at 15 years of age 
was a telegraph operator. It is not 
my intention to trace the work of Edi- 
son in his many researches and devel- 
opments at Menlo Park, except to point 
out that in his perfecting of an incan- 
descent lamp on October 21st, 1879, 
and in his development of a direct cur- 
rent generator, he laid the foundation 
for a tremendous industry. It is only 
fair to point out that, almost at this 
time in England and independently, 
Sir Joseph W. Swan developed an in- 
candescent lamp, but this does not de- 
tract one iota from the importance of 
the work of Edison. The problem then 
was to make use of this development. 
Instead of . having small generators 
placed in each factory or each resi- 
dence, the idea was conceived of plac- 
ing the generators in a central station, 
carrying the wires through the streets 
and serving electricity into factories, 
stores and residences to be used in the 
incandescent lamps. 
today, but looking back to those days 
one must remember that there were 


It seems simple 


no cables, practically no electric wires, 
no underground cables, no switches, no 


The whole of 


fuses and no meters. 


the electrical industry has been devel- 
oped since that time. Edison’s first 
work was carried out in New York city. 
A central station was constructed on 
Pearl street. Underground conductors 
were made by placing two copper rods 
of semi-circular cross section in asphalt, 
in a pipe. Between these rods were 
placed two small wires. These sections, 
measuring about 20 feet long, were 
joined together by copper castings 
which were covered with asphalt in a 
box. And so the cable was made and 
laid in the streets and houses and stores 
connected to it. The two small wires 
were connected to the rods at the end of 
the cable and to a voltmeter in the 
power house. ‘This was done so that 
the operator could tell the voltage at 
the end of his circuit and compensate 
for it. I hold the original of this cross 
section in my hand. Crude, but this 
was in 1881 and the first installation of 
the Edison two-wire system, installed 
under the personal supervision of Edi- 
The Edison three-wire system was 
still long in the future: The Pearl 
Street station was opened for service on 
September 4th, 1882. 

Acting independently of Edison and 
working in England was a young man 
Sebastian de Ferranti, who was born 
on April 9th, 1864. Instead of work- 
ing with direct current, Ferranti worked 
along the line of alternating current 
and in 1878 designed an alternator and 
patented it in 1882. In some of this 
development he worked with Lord Kel- 
vin. In 1886 he was engineer for the 
Grosvenor Gallery Company and later 
with the Electrical Supply Company 
of London, England, and developed a 
distributing system, using underground 
cables at ten thousand volts, alternating 
current. 


SOT: 
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One is tempted to go down the many 
byways that are presented by the works 
of Tesla, Stanley and Westinghouse 
but I would rather draw your attention 
to a young man who was born in 
Newark, N.J., on February 12th, 1860 
—John William Lieb. He had been 
educated along scientific lines as a 
mechanical engineer and was first em- 
ployed as a draftsman and later as 
first electrician of the Edison Electric 
Illuminating Company of New York, 
being in charge of the Pearl Street 
station. In 1883 he was sent to Milan, 
Italy, to install the Edison system, and 
while in Europe investigated the alter- 
nating current system, particularly the 
transformer which had been developed 
in Vienna, and strongly recommended 
to Edison that this system be adopted. 
The direct current system is limited 
to the voltage of the generator, whereas 
in the alternating current system the 
most suitable voltage is chosen for the 
generator. A transformer then increases 
this voltage to the most suitable for 
transmission or distribution and trans- 
formers placed at the point of consump- 
tion, reduce the voltage to that suitable 
for the consumer. Today the alternat- 
ing current system is in universal use. 
However, those connected with Edison 
at this time were so wrapped up in the 
details of the direct current system that 
Lieb’s advice was not followed. 

One interesting story told many times 
by Mr. Lieb was that while he was in 
Milan attending an opera at La Scala, 
he was called out, as some of the street 
lights were not working, and in opera 
cloak and silk hat climbed the pole 
and made the necessary repairs. Later, 
John Lieb was to be the guiding hand 
of the New York Edison Company as 
First Vice-President and General Man- 
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ager and, during the last war, was 
recalled by the National Electric Light 
Association, the then National Associa- 
tion of Electrical Utilities in the United 
States, to be their war time president. 
It is my humble opinion that John 
Lieb probably did more to develop the 
electric utility in the United States 
than any other man and he did much 
to present the personality of Leonardo 
Da Vinci to the American public. 

The development of the modern elec- 
trical utility has gone through various 
stages. First—small plants because of 
limited voltages served small communi- 
ties. With increase in voltage and the 
adoption of alternating current, larger 
communities were served. The increased 
transmission voltage made possible the 
development of large hydraulic power 
plants and the transmission of the 
power great distances to industrial 
centres and led to the huge networks 
of today. This development in Canada 
we will trace and see that men as well 
as scientific laws and machines go to 
make up the electric utility. 

In the early 1880’s many reports of 
the astounding advances in the devel- 
opment and use of electricity appeared 
in the press and Edison generators 
were installed in some of the cotton 
mills and other industrial establish- 
ments. At Pembroke, Ontario, there 
was a grist mill run by water power 
and owned by W. V. McAllister. An 
Edison generator was purchased, wires 
were run on the streets of Pembroke 
and service to the stores, residences 
and streets began on October 8th, 1884. 
Up to this time there had been installa- 
tions of arc lamps in various parts of 
Canada, but this, as far as'can be 
learned at the present time, was the 
first of what we might call an electric 
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public utility operated in Canada. In- 
stallation was made by Ahearn and 
Soper of Ottawa. In 1889 the Pem- 
broke Electric Light Company was 
organized and has operated continu- 
ously from that date to the present. 
There was continued development here. 
When they found that the steam plant 
installed in 1893 was not big enough, 
a hydraulic plant on the Black river 
was installed and more recently a Diesel 
engine as a reserve. It is interesting to 
note that the present manager, J. A. 
Cone, started with this company in 
1887 and has been continuously em- 
ployed with them since that date. One 
cannot mention the Pembroke Electric 
Company without giving great credit 
to the late Hon. E. A. Dunlop for the 
strong guiding hand that he had in 
developing a utility in Pembroke ade- 
quate to the needs of the community 
and maintained according to the high- 
est practices of the art as they devel- 
oped through the years. 

About this time, June 6th, 1886, a 
number of men from Eau Claire, Wis- 
consin, arrived in Calgary, Alberta, and 
started to build a saw mill, their first 
drive being in the spring of 1887. A 
small direct current generator had been 
installed by others in Calgary but it 
was not giving very adequate service. 
In Eau Claire, Wisconsin, since 1883, 
there had been two electrical companies 
operating and it was therefore logical 
that in 1889 an electrical generating 
plant was installed in the Calgary saw 
mill run by a Corless engine the steam 
coming from boilers run from saw mill 
waste. Before this plant was allowed to 
go into operation, there was consider- 
able controversy between those inter- 
ested in the old plant which was direct 
current and the new plant which was 


alternating current. Some time pre- 
viously in the United States an alter- 
nating current generator had been pre- 
sented to the Government and supplied 
the current that was used to electrocute 
criminals. The claim of the direct 
current exponents was that their power 
was absolutely safe, and people did not 
wish to use this undoubtedly dangerous 
alternating current, since it was used 
to electrocute criminals. This absurd 
statement is entirely untrue, although 
occasionally one still hears the myth. 
It is amusing to read of this same con- 
troversy developing in Calgary at about 
this time. However, those interested 
in the power plant in the saw mill 
were able to carry the day and primar- 
ies at 1000 volts were carried on the 
streets—50 volts being used on the 
secondary and in the residences. In 
1893 a water power plant was installed 
and ran very successfully. An intensely 
interesting story of these early days in 
Calgary has been presented by Theo- 
dore Strom, first Engineer of the plant. 

“T remember coming into the Eau 
Claire office one day when R. B. Ben- 
nett was there. He turned to me and 
said ‘Your lights were pretty poor last 
night, Theodore, I could hardly find 
my bed.’ The manager spoke up and 
said “Theodore couldn’t help it. We 
had an ice jam somewhere on the river 
last night and we were short of water.’ 
Mr. Bennett said, ‘Short of water, that’s 
funny, the lights looked as though they 
had too much water in them.’ ” 

In Mr. Strom’s interesting reminis- 
cences he tells of operating problems 
from high and low water, of difficulties 
with collecting consumers’ accounts, of 
maintaining services, of repair of con- 
sumers’ apparatus and diplomatic dis- 
cussions with Government inspectors. 
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The public utility official of today 
would see many of the public relations 
problems shaping themselves in the 
early times. He would also realize 
that the necessity for a clear-cut policy 


was receiving serious consideration by | 


the executives. 

In the modern developments in Cal- 
gary and those of many cities and towns 
of the prairie provinces as well as devel- 
opments in Central and South America, 
a Canadian, G. A. Gaherty, President of 
the Montreal Engineering Company 
and of the Canadian Electrical Associa- 
tion, has taken a leading part. 

In 1881 the Ottawa Electric Com- 
pany was formed to supply arc lamps 
in the city of Ottawa. Shortly after 
this a recent graduate in Engineering, 
John Murphy, was employed by 
Thomas Ahearn to operate this plant. 


It is interesting to quote from Mr. 


Murphy the following: — 

“The electrical equipment consisted 
of three arc light dynamos with the 
capacity of the three of them totalling 
16 horsepower. The three of them 
were driven by a little water wheel; 
two wires were run from each dynamo 
direct to the lamps and there were no 
service ammeters or voltmeters within 
ten miles of the plant. The entire 
system was controlled by hand and it 
rendered ideal service. If the lamps 
were not burning brightly, the water 
wheel gate was opened and the ma- 
chinery speeded up a bit; if they were 
too bright, the operation was reversed. 
If it became necessary to work on a 
service while it was in operation, one 
of the brass binding screws on the 
dynamo was loosened with bare hands 
and the wire pulled out of the post. 
The arc was finally broken by pulling 
the wire further and further away.” 
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Prior to assuming his duties in this 
plant in Ottawa, Mr. Murphy had 
operated a small generator in a saw 
mill and it is interesting to note the 
difference between the size of the gen- 
erator installed at that time (two horse 
power) with the present Bryson plant 
of the Gatineau Power Company now 
on the same site. 

In 1887 the Chaudier Electric Com- 
pany supplied incandescent light ‘to 
Ottawa, the voltage being 500 volts 
direct current with five lamps in series. 
In 1889 a change was made to alter- 
nating current. Later we find the same 
low water trouble that occurred in Cal- 
gary and in 1893 a steam standby was 
erected to take care of the variable 
flow of the river. 

Back of this whole development of 
electrical power in Ottawa, as we have 
seen in Pembroke, was the man who 
was later the Hon. Thomas Ahearn, 
Privy Councillor. Thomas Ahearn was 
born of modest parentage in the city 
of Ottawa and was employed as a 
telegraph operator and early formed a 
partnership with A. Y. Soper. Their 
development carried them through the 
telegraph and telephone stage and 
through all of the early development 
of power in and around Ottawa dis- 
trict. In going over the development 
of power in Canada, time and time 
again one comes across the name of 
Thomas Ahearn, always searching out 
to the new and it was only fitting that 
he should be chosen as the chairman 
of the broadcasting committee of the 
Diamond Jubilee, 1927, who arranged 
the first Trans-Canada broadcast. 

In 1894, these various companies in 
Ottawa were combined and we find as 
general superintendent a young man 
who had received his early education 
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in the city of Quebec and who had 
recently come to Ottawa as superin- 
the Chaudier Electrical 
Company. A. A. Dion from that time 
until his death a few years ago, gave 
of himself in developing an adequate 
electrical service for the city of Ottawa, 
the Canadian Electrical 
Association and in giving wise council 


tendent of 


in serving 


to the various engineering organizations 
in Canada. He was a leader who could 
be relied upon in any emergency. The 
development of the electrical utility in 
Ottawa, has kept abreast with the best 
engineering practice and is now under 
the care of a Canadian who has had 
experience in power development and 
utility management, not only in Canada 
but in Europe and South America, 
Major W. H. Munro, general manager 
of the Ottawa Electric Company and 
president of the Electrical Employers 
Association. 

In a very similar way electrical utili- 
ties were being developed in the cities 
and towns of Canada. Montreal, Tor- 
onto, Winnipeg, etc., were being served, 
each from its local plant for the most 
part driven by steam power. 


Sir Herbert Holt, a civil engineer 
with railroad experience, became inter- 
ested in developing an adequate service 
for Montreal and shortly we see power 
plants installed at Lachine and at 
Chambly. 

J. J. Wright, an Englishman, born 
in 1850, came to America in’ 18/0, 
and at the Centennial Exhibition in 
1876 met, and later worked with, 
Thomson and Houston, two science 
professors in a Philadelphia High 
School. In 1883 Mr. Wright came to 
Toronto and from then on, as far as 
electrical development in Toronto is 
concerned, his name loomed large. 

Benjamin Franklin Reesor of Lind- 
say was responsible for many plants 
in towns such as Lindsay. 

In this way, we find in the various 
cities and towns in Canada small sys- 
tems being developed, the radius of 
their operations being very limited, 
owing to the necessity of using low 
voltages; first 52 volts and afterwards 
with the use of alternating current, 
being able to use a primary voltage of 
2200. 

(To be continued ) 
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Research in Canada 
By Lieut.-General A. G. L. McNaughton, C.B., C.M.G., D.S.O. 


T is to your precept and example 

in 1916, in the organisation of 

the Honorary Advisory Council 

for Scientific and Industrial Re- 
search, and the suggestion then made 
by the Government of the United King- 
dom to our Government, that Canada 
should set up a similar body, that we 
trace the genesis of our own National 
Research Council. In the year 1916, 
we were in the earlier phases of the 
first World War and it had taken the 
impact of that event to shake the 
British peoples, both here and in the 
Dominions, from their complacency as 
regards research. Previously we had 
left research mostly to the universities, 
where its results as “pure science” were 
made available impartially to all, for 
the benefit of friend and foe alike. On 
the other hand, in industry, where 
mutual help would have been a great 
advantage, whatever each company was 
able to develop in the way of new 
apparatus, materials and processes was 
pecardedmpas! «2 trade: secret, “toe sbe 
jealously kept to themselves, and _ par- 
ticularly to be denied to other firms in 
similar business in their own country, 
though not necessarily to foreign 
associated companies. 

Contrast this situation with that ex- 
isting in Germany, where research— 
pure, applied, and industrial—had very 
early been recognised as a matter of 
profound concern, and where its or- 
ganisation and correlation had been 
taken under the auspices of the Gov- 
Under this meticulous 
invention was 


ernment itself. 
every idea and 


Paper read before the Royal Society of Arts on 
April 13, 1941. Abridged. 


care, 
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seized upon and subjected to intensive 
development at the hands of compre- 
hensive groups of trained scientists; 
eager business men stood ready to ex- 
ploit whatever they produced. There 
are many who will remember how 
this, and neglect on the part of other 
nations, had reacted to the great advan- 
tage of German world trade and so to 
the creation of a vast potential for 
munitions production in war. You 
know also of the great difficulties which 
faced the Allies on the outbreak of 
hostilities by reason of the German 
monopolies. The German dye indus- 
try, for example, which had taken the 
invention of a British chemist and 
turned it into a great commercial 
undertaking, led directly to efficiency 
in the production of explosives and of 
poison gas. I have often wondered why 
this menace was suffered to develop 
without adequate counter measures 
being taken, and it seems, on looking 
back, that its very gradualness must 
have been the answer, men’s minds 
becoming accustomed to it by degrees. 

Once started, British research in its 
relation to the war effort of the coun- 
try developed rapidly and effectively, 
andmwatethne .end: of the, first, World 
War it could be said with truth that 
one of the essential contributions to 
victory had been made by British and 
Dominion industry, once scientific and 
industrial research was organised and 
brought into play. To illustrate what 
was accomplished in Great Britain I 
mention a few significant facts. In 
1914 there was no optical glass indus- 
try in the United Kingdom. Germany 
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and Austria had a practical monopoly 
in this field, and even the lenses of the 
sights of British guns were imported. 
Organisation of the scientists, followed 
by extensive basic and applied research, 
corrected this situation. ‘To-day, the 
optical glass produced in Britain is of 
the finest quality in the world. I 
mentioned poison gas—chlorine—a pro- 
duct of the German chemical industry 
which was used against the French and 
the left flank of the First Canadian 
Division on April 22, 1915. The Ger- 
mans used it against us thinking that 
the Allies would not be able to reply 
in kind (they were contemptuous of 
our scientific organisation), but by the 
summer of 1918, as a result of organ- 
ised research, our chemical industries 
were producing mustard gas by a new 
process at a rate many times that which 
had been found possible by Germany. 


THe NATIONAL RESEARCH COUNCIL 
AND ITS DEVELOPMENT uP TO 1939 


As I have said, the organisation of 
research in Canada as a function of 
Government dates back to 1916, when 
we followed your example and set up 
an Honorary Advisory Council for 
Scientific and Industrial Research. It 
was not contemplated then that this 
Council would establish laboratories of 
its own; it was to act as an agency 
for consultation and co-ordination be- 
tween those already carrying on re- 
search in the existing laboratories of 
the several departments of the Domin- 
ion and Provincial Governments, in 
the universities, and in industry. To 
give you some idea of the very limited 
facilities then available: a report pre- 
pared at the time indicates that the 
total annual expenditure on research in 
all Government laboratories, both Do- 


minion and Provincial, amounted to 
considerably less than $100,000, and 
that of some 2,400 leading Canadian 
firms engaged in manufacturing which 
replied to the questionnaire sent out, 
only 37 possessed laboratories which 
even pretended to engage in research 
work. 

Looking back at the history of the 
Honorary Advisory Council for Scien- 
tific and Industrial Research, in the 
war and early post-war periods, it is 
remarkable what was accomplished 
with the limited facilities at their dis- 
posal, but it is not to be wondered at 
that men who were informed on the 
subject should have realised the utter 
inadequacy of the provision which had 
been made and that they should have 
pressed for some improvement. As a 
result of the pressure of public opinion 
which developed, the matter was re- 
peatedly considered in Parliament, and 
eventually the Research Council Act 
was passed in 1924, following in very 
close detail a draft which had been 
prepared by a non-party committee 
representative of both the Senate and 
the House of Commons. The Coun- 
cil’s main laboratories, located at the 
junction of the Ottawa and Rideau 
rivers, were commenced in 1930 and 
opened at the time of the Imperial 
Economic Conference in 1932. 

As was perhaps to be expected in 
the era following the Armistice of 1918, 
it was very difficult to obtain adequate 
funds for scientific and industrial re- 
search. While the need for co-ordina- 
tion of this work as a wartime measure 
had been evident, recognition of the 
equally vital needs of competitive in- 
dustry in peace-time came only very 
slowly until 1935, when the Govern- 
ment, despite the depression then rag- 
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ing, saw fit not only to double the 
current appropriation, but to provide 
substantial sums on capital account to 
complete the equipment of the labora- 
tories. These increased appropriations 
were maintained by succeeding govern- 
ments and steadily increased until, by 
1939, the Council’s annual budget on 
current account was somewhat over 
$1,000,000. Meanwhile, an even more 
striking increase had taken place in 
the facilities in Canadian industry it- 
self, and by 1938 it is estimated that 
these comprised upwards of 1,000 in- 
dustrial laboratories for research test- 
ing and plant control, with some 2,500 
professional workers employed full time. 
Similarly, in the Dominion Depart- 
ments of Agriculture, of Public Works, 
and of Mines and Resources the last 
two decades have seen the creation of 
a number of research and testing lab- 
oratories related to their special func- 
tions and duties, all of which represent 
a very substantial asset. Elsewhere the 
most notable addition was the Ontario 
Research Foundation, which operates 
in the most friendly relation with the 
National Research Council. 


In 1938, provision for a further large 
group of laboratories, to provide the 
Council with additional facilities, par- 
ticularly for aeronautical engineering, 
hydraulics, and high-voltage electrical 
engineering, was sanctioned by the 
Government. Construction was started 
in 1939, and is now advanced to the 
point that in some cases the buildings 
are in occupation. As a result of these 
measures, we had in Canada at the out- 
break of the present war, in physical 
existence, the laboratories and trained 
staffs competent to act as a nucleus in 
undertaking the study of the problems 
presented in almost every field of war 
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requirements, both within the sea, land 
and air forces themselves, and also in 
the industrial life of the country as it 
had to be re-oriented to produce the 
vast and complicated supplies needed 
in transition from peace to war basis. 

I have been speaking of the actual 
research equipment of Canada, in the 
way of Government and industrial lab- 
oratories, as it stood at the outbreak 
of the war with a view to indicating 
the very favourable position in com- 
parison with the situation on the pre- 
vious occasion when we had to take 
up arms against Germany. But the 
adequacy of physical equipment and 
technical staff is only one side of the 
question, and what is probably equally 
important as an asset is the organisa- 
tion of the Council itself as a going 
concern and the intimate relations 
which had been developed with every 
branch of science in Canada; with 
universities; with industry; with depart- 
ments of the Dominion and Provincial 
Governments concerned with research 
problems; with the great professional 
societies in medicine, engineering, for- 
estry, etc.; with the Canadian Engin- 
eering Standards Association in the field 
of industrial standardisation, and with 
many other organisations. 

The National Research Council con- 
sists of fifteen members selected for 
terms of three years from among men 
prominent in scientific work in Cana- 
dian universities or in Canadian indus- 
try. The Council is required by statute 
to meet at least four times annually 
in Ottawa. There is a president, ap- 
pointed by the Governor in Council 
for a term of years, who _ reports 
directly to the Privy Council Commit- 
tee on Scientific and Industrial Re- 
search of which the Minister of Trade 
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and Commerce is the chairman. The 
office of president is now filled by Dean 
C. J. Mackenzie, M.C., of the Uni- 
versity of Saskatchewan, an eminent 
civil engineer who served with the 
Canadian Forces in the last war. The 
Council’s membership is broadly repre- 
sentative of all parts of Canada, and 
includes persons qualified to speak with 
authority in education, science, indus- 
try, business and finance. Apart from 
administration which is organised much 
on the usual lines of a department of 
Government, the staff of the Research 
Council is grouped in a number of divi- 
sions, each of which is under a director. 


The divisions of physics and electrical 
engineering, chemistry, mechanical en- 
gineering, including hydraulics and 
aeronautics, biology and agriculture, are 
responsible for the direction and con- 
duct of the technical work in the fields 
There 
is a section on research plans and pub- 
lications concerned with the collection, 
collation and issue of scientific infor- 
mation and with the general develop- 
ment of co-operative investigations 
through committees, etc. There is also 
a section on codes and specifications, 
matters which are in the highest degree 
important in relation to mass produc- 
tion in war. Provision is made for the 
closest co-operation and collaboration 
between all branches concerned in any 
particular problem. One of the great 
advantages possessed by an organisation 
such as the Council’s own laboratories, 
with their comprehensive representa- 


indicated by their designations. 


tion of all branches of science, is that 
experts in every line required can be 
brought together at short notice to 
study a problem and to work as a 
team for its solution. This facility is 
very important, for in most research 


problems related to industrial or agri- 
cultural production or processing we are 
usually confronted with limiting factors 
of many kinds, and it is not easy to 
determine in advance in which branch 
of science the answer should be sought. 


ASSOCIATE COMMITTEES AND CO-OPER- 
TIVE RESEARCH 


Under the responsibilities 
placed upon the Council by Parlia- 
ment, there is a duty to bring about 
the best possible use of all the country’s 
facilities for research, of which the 
Council’s own laboratories now repre- 
sent only a small part. In order to 
bring to bear the knowledge of scien- 
tific men in other institutions and in 
industry and to correlate the work of 
research in all organisations concerned, 
a number of so-called “associate com- 
mittees” have been set up. The func- 
tion of these committees is to direct co- 
operative research on the problems 
assigned to them; to settle the objec- 
tives; to indicate the individuals or 
organisations which should undertake 
the several component parts of the in- 
quiry; to receive and co-ordinate the 
resulting information, and to make it 
available to those who will turn it to 


wide 


advantage. The Council endeavours 
to», ensure , that: “these” <comunittees 
are comprehensively — representative 


of all interests, and we expect them, 
each in their proper sphere, to form a 
national plan into which all who are 
in a position to contribute information 
can fit their own particular lines of 
research. The actual investigations are 
carried out, not only in the Council’s 
laboratories, but in the laboratories of 
Government 
departments and industrial institutions 


the various universities, 


throughout the country. I cannot too 
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strongly stress the fact that much of 
_ the initiative in these committees lies 
with the outstanding experts from other 
organisations who have associated them- 
selves with the National Research 
Council in this work. 


Time does not permit me to recite 
to you the long list of these associate 
committees or to go into, in any detail, 
the important tasks which they are 
carrying out for Canada. But, in order 
to give some picture of the wide range 
of work involved, I should like, by way 
of illustration, to mention one or two 
in several diverse fields. In agriculture 
I would mention the committees in 
charge of grain research and of trans- 
port and storage of food—these, both 
by reason of the great importance of 
the subjects and also on account of the 
very substantial results which have been 
achieved in comparison with the trifling 
expenditures of money which have been 
made. In forestry, I would mention 
the committee, organised in co-opera- 
tion with the forest service of the De- 
partment of Mines and Resources. 


This Committee has concerned itself 
with such matters as the study of miti- 
gation of forest hazards, through fire, 
insects and other pests, and the prepar- 
ation of a manual giving advice as to 
the management of the “farmers’ wood- 
lot,” a most important source of raw 
material. 
eral use in the Maritime Provinces and 
Quebec. I could continue with ex- 
amples of the work of many other 
associate committees in the fields of 
medicine, chemistry, physics and en- 
gineering; of the detailed and exacting 
work carried out by our joint commit- 
tees with the Department of Finance 
in the preparation of a National Build- 
ing Code for Canada, which is now, 


This manual is now in gen- 
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despite the war, in process of publica- 
tion, and which should bring order 
into a situation which, under the con- 
flicting jurisdictions of municipality, 
Province and Dominion had become 
most seriously confused to the disad- 
vantage of the public. I could cite 
also the work on industrial codes and 
specifications carried out by the Cana- 
dian Engineering Standards Associa- 
tions, which is a body intimately re- 
lated to the National Research Council, 
and serves Canada as the counterpart 
of the British Standards Institution in 
this country. 


ENCOURAGEMENT OF RESEARCH IN 
UNIVERSITIES, ETc. 


In order to make use of the facilities 
for research which exist in a number 
of our Canadian universities and to 
encourage their further development, 
the Council, in the early years of its 
existence, instituted a system of assisted 
researches through which the professors 
in charge could be given financial assis- 
tance for the provision of needed 
apparatus, laboratory help and similar 
out-of-pocket expenses, other than their 
own Applications for such 
assistance are most sympathetically con- 
sidered and by its aid much useful 
work has been accomplished, of value 
both for the new knowledge secured 
and, perhaps even more important, for 


salaries. 


the training given to the workers. 
Another aspect of the Council’s con- 
cern with the training of research 
workers is represented by the scholar- 
ships which each year are awarded to 
some 70 or more post-graduate students. 
These are tenable at Canadian univer- 
sities or, in special abroad. 
Through these scholarships, which are 
being given year by year in increasing 


cases, 
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numbers, in addition to providing the 
needed supply of highly trained re- 
search workers, a deliberate attempt has 
been made to assist the building up 
of the post-graduate schools in the 
Canadian universities. 

From what I have said about asso- 
ciate committees, assisted research and 
scholarships, I hope I have made it 
clear that while the Council has itself 
a number of very well-equipped labora- 
tories in all lines, yet there has been 
no attempt to monopolise research; in 
fact, the very opposite, for it has long 
been realised that for the safety of the 
nation against peace-time industrial 
competition, let alone to meet the needs 
in war, you can never have too much 
In Canada the difficulties 
are particularly acute for, as is well 
known, most of our principal industrial 
companies have affiliations with larger 
organisations abroad to whom there has 
been a natural tendency to refer any 
research problems that arise from time 
It is often very difficult to 
these problems completely, 
apart from the special environment in 
which they have come to attention. 
The solutions proposed are often, there- 
fore, inadequate, and, both on this 
ground and on account of delays, very 
heavy losses are involved. A more 
is due to) the fact that 
without a corps of trained investiga- 
tors on the spot, the needs of the 
situation are not fully appreciated, and 
many opportunities for useful inven- 
tions and developments are missed or 
unduly delayed. 


research. 


to time. 
examine 


serious loss 


RESEARCH INFORMATION AND INTER- 
NATIONAL AFFILIATIONS 

In peace, in order to maintain our 

contact with research work going on 

all over the world, the Council main- 


tains membership in the principal Inter- 
national Scientific Conferences and 
meetings, arranges for Canadian repre- 
sentation where required, and collects 
in its library in Ottawa, for reference, 
copies of all papers, proceedings and 
other information of importance. This 
is made available as desired to Cana- 
dian workers. For many years also the 
Council has maintained the closest pos- 
sible contacts with the Department of 
Scientific and Industrial Research and 
the British Standards Institution here. 
These contacts were strengthened and 
developed by the Imperial Conference 
of 1930 and the Imperial Scientific 
Conference of 1936, and again in 
August, 1939, on the occasion of the 
visit to England of a _ representative 
group of Canadian manufacturers, who 
had come to England to familiarise 
themselves with the needs of war-time 
industry, so that Canadian production 
could be directed to those articles which 
would be most required and most use- 


ful. 


War-TIME DEVELOPMENTS 


I have endeavoured to give you a 
brief picture of the origin and growth 
of the National Research Council up 
to the outbreak of the war in which 
we are now engaged. Relatively satis- 
factory as the situation had become 
when compared with 1914, I have not 
claimed that we had in Canada any- 
thing which was in any sense an ade- 
quate answer to the problems of com- 
petitive industry in peace, and cer- 
tainly, as regards war, we scarcely dare, 
in the years of the ascendency of the 
Geneva school of thought, to admit that 
some of the research work in hand 
might even have an indirect value for 
defence. Apart the 
problems of the day as they presented 


from meeting 
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themselves, what had been aimed at 
was the creation of a nucleus round 
which the research resources of the 
nation could be crystallised in order 


so soon as the real needs were recog- 


nised by public opinion and Parlia- 
mentary support was forthcoming. That 
such a nucleus was in fact created will, 
I think, be evident from what now I 
have to tell you with reference to the 
war-time developments of research in 
Canada. In this I am under the difh- 
culty that no specific information which 
would be of value to the enemy can be 
disclosed, so I have to content myself 
with a few illustrative statements which 
must be rather general in character. 


First, as regards finance. The funds 
placed at the disposal of the Council 
for the current year by votes from 
Parliament and grants-in-aid from the 
Naval, Land and Air Forces in the 
Department of National Defence are 
some five-fold greater than for the last 
pre-war year. In addition, the Council 
and its technical staff will be respon- 
sible for the scientific and technical 
organisation and advice in connection 
with other projects not directly admin- 
istered, which will involve about twice 
to three times as much again. Fur- 
ther, in order to provide some measure 
of elasticity in the finances of the 
Council a number of Canadian corpor- 
ations, large and small, and private 
individuals have joined together to 
establish a trust fund of well over a 
million dollars, with more available if 
required. ‘The committee in charge 
has been enjoined by the donors to 
make it their business to ensure that 
no worthwhile project of research, re- 
lated to the war effort of Canada, 
which is sponsored by the National 
Research Council, should be delayed 
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or hampered by lack of money. In 
this public-spirited group the mining 
industries of Canada have, as usual, 
been conspicuous for their generous 
support of research. Another example 
of the assistance received from this 
source is the support given to the 
Canadian Corps in the organisation and 
equipment of our Tunnelling Compan- 
ies. One of these, as is well known, 
is now at Gibraltar making effective 
use of the modern machinery presented 
by the Canadian mining industry. The 
other Company is using similar equip- 
ment in this country. 

What is, in effect, a further additional! 
expansion of the Council’s activities is 
represented by Research Enterprises, 
Limited, a wholly owned Government 
corporation which has been set up by 
the Canadian Ministry of Supply pri- 
marily to produce for the armed Forces, 
and for industry, inventions and appar- 
atus which had been developed in the 
Council’s laboratories. Already, optical 
instruments, including gun sights and 
range finders, radio gear and similar 
articles, are in production in the large 
new factory which has been erected, 
and very shortly the company will be 
turning out its own supplies of optical 
glass in quantity. Thus a small nucleus 
established in the optical and radio 
laboratories in the years before the war 
has been given substance and developed 
into a key industry of essential impor- 
tance for our war effort. The Council’s 
metrology laboratories are another ex- 
ample of a small but effective nucleus 
which has been expanded to large 
dimensions to care for the standardisa- 
tion of the vast number of gauges 
necessary in the munitions industry. 

In the field of radiology, special 
attention has been paid in the Council’s 
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laboratories for many years to the 
examination of castings, particularly 
those in light alloys required to carry 
stress in aircraft construction. Working 
with the producers, the technique of 
making sound castings had been devel- 
oped before the war to a high degree 
of perfection, and the knowledge of 
this art is now proving of great value 
to the industry. 
X-ray photographs can be taken at up 
to 600 kv, which is sufficient to pene- 


Canadian aircraft 


trate several inches of steel. For greater 
thicknesses a plentiful supply of radium 
is available by reason of the fact that 
the bulk of the world’s new supply 
derived from the mines at Great Bear 
lake and refined by the Eldorado Com- 
pany at their Port Hope plant comes 
to the Council for test and certification. 
Turning to another of many fields, I 
should like to mention the very impor- 
tant programme which has been ini- 
tiated by the Committee on Aviation 
Medicine under the chairmanship of 
the late Sir Frederick Banting. 

In conclusion, I wish to assure you 


that all this great range of work of 
which I have been speaking is going 
forward in Canada in the closest sym- 
pathy and understanding, both with 
the authorities here and also with our 
mutual friends and colleagues in the 
United States. In order to help in the 
maintenance of effective contact the 
British Government have established a 
Scientific Liaison Office with the Coun- 
cil in Ottawa, and we have been 
privileged to receive first, Professor 
Fowler, and more recently, Sir Law- 
rence Bragg. At the present time a 
number of the senior members of the 
Council are in England to familiarise 
themselves with the latest methods and 
requirements so that our work may be 
kept related to problems of immediate 
practical importance. ‘There is a con- 
stant flow and interchange of workers 
and the various problems are taken up 
as available facilities best indicate. 
Needless to say, there is no delay or 
reservation in making the results avail- 
able for application and use.—Engin- 
eering. 


Barrett Chute development, Madawaska river. 
on shore of Calabogie lake. 


Power-house site in foreground, 
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New C.E.S.A. Electrical Standards 


HE Canadian Engineering 


Standards Association has just 

issued the following three Ap- 

provals Specifications under 
Part II of the Canadian Electrical 
Code, the requirements of which must 
Deminet. in vorder. to. obtain C:hS.A. 
approval of the electrical devices con- 
cerned. These standards were pre- 
pared in collaboration with interested 
manufacturers and industrial associa- 
tions, and are based on laboratory tests 
and record in service. 


Se ee GS % 


C22.2 No. 0-1941—DEFINITIONS AND 
GENERAL REQUIREMENTS 


(Third Edition) 


This Specification, as indicated by 
its title, covers definitions and general 
requirements to which reference is fre- 
quently made in other Specifications 
issued under Part II of the Canadian 
Electrical Code. 
electrical equipment should therefore 
provide themselves with a copy of this 
new edition of the Specification. 

This third edition has been published 
in loose-leaf form in order to facilitate 
the insertion of revised pages from time 
to time, as practice in the field and 
revisions to governing rules in Cana- 
dian Electrical Code, Part I, affect the 
requirements of this Specification. 
Various changes appear in this new edi- 
tion, most of them having been made 
in order to bring it into agreement 
with the requirements of Part I of this 
Code. This Specification is effective 
as of July 31, 1941, for new production. 


All manufacturers of 


* * * * 
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C22.2 No. 28-1941 — Ati-AsRBEsTos 
AND ASBESTOS VARNISHED-CAMBRIG 
INSULATED WIRES AND CABLES 


This Specification applies to conduc- 
tors having insulation of asbestos, or of 
varnished-cambric and asbestos, either 
of which may be provided with an 
outer covering of cotton, or asbestos 
braid, or a lead sheath. The wires 
and cables covered by this Specifica- 
tion, depending on the type of construc- 
tion, are intended for use on supply 
circuits having maximum potentials of 
300 or 600 volts. This Specification 
does not cover conductors composed of 
any material other than annealed cop- 
per; except that stove wire and appli- 
ance lead wire may have conductors 
of either annealed copper or nickel. 
This Specification. is effective as of 
August 15, 1941, for new production. 


* * * * 


C?22:2 No; 58-1941—_IsoLaTING 
SwITCHES 


(For HicH-PoTENTIAL “DISCONNECT” 
UsE) 


This Specification applies to air- 
break switches without enclosures, for 
use as isolating switches for potentials 
of from 751 to 15,000 volts inclusive 
for both indoor and outdoor use, a.c. 
or d.c. designed to be employed in 
accordance with the Rules of Part I of 
this Code. ‘This Specification is effec- 
tive as of September 1, 1941, for new 
production. 


* * * %* 


Copies of these standards may be 
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obtained from the Canadian Engineer- 
ing Standards Association, National Re- 
search Building, Ottawa, price 50 cents 
each, with the exception of Specifica- 
tion C22.2 No. 0 which is priced at 75 
cents per copy for the standard paper- 
covered edition and $1.00 per copy for 


those bound in looseleaf “Wiro” bind- 
ing with fabricoid covers. 

A small stock of these Specifications 
is also carried by the C.E.S.A. Appro- 
vals Division at 8 Strachan Ave., Tor- 
onto, “and “at. 1325. (Coristines (Bide. 
Montreal. | 


District No. 3 O.M.E.A. Meeting 


HE first annual meeting of 
District No. 3, Ontario Muni- 
cipal Electric Association, was 
held in Fort William on Sep- 
tember 23rd and 24th, 1941, with four- 
teen delegates registered. 
of representatives for outlying points 
were unable to reach the Lakehead due 
to floods which disrupted railway and 


A number 


highway transportation. 


Vice-President J. R. Pattison of Fort — 


William welcomed the delegates and 
expressed the hope that the meeting 
would be the beginning of yearly con- 
ferences. He spoke of the importance 
of Hydro and the benefits the North 
Country had enjoyed under Hydro 
administration of power resources. 

iC. James, . District; Enomnecr) of 
the Hydro-Electric Power Commission 
of Ontario, reviewed the growth of the 
Thunder Bay system and discussed its 
potential power resources at one of the 
sessions. 

Ki. /A.6 Christie, “Ke Gay sot” Toronto, 
representing Dr. W. J. Chapman, 
President of the O.M.E.A., addressed 
the Tuesday noon luncheon and urged 
the fullest co-operation in all things 


affecting Hydro. Mr. Christie spoke 
briefly on the major issues now under 
discussion between the Association and 
the Hydro Commission, including the 
Hydro Pension and Insurance Plan, 
power reserves, and Unemployment In- 
surance. 

On Tuesday evening a complimen- 
tary dinner was provided by the two 
Lakehead Commissions of Port Arthur 
and Fort William at which one hundred 
and fifty guests including delegates and 
representatives of civic bodies were 
present. Mayor C. M. Ross of Fort 
William and Mayor C. W. Cox of Port 
Arthur extended civic greetings and 
Hon. W. L. Houck, Vice-Chairman of 
the Hydro-Electric Power Commission 
of Ontario spoke on the part Hydro 
is playing in our war effort and gave 
interesting facts regarding the ‘Thunder 
Bay system. J. R. Pattison presided 
at the dinner. 

The meeting included an inspection 
trip on Wednesday, September 24th, to 
the Nipigon river where the generating 
plants at Cameron Falls and Alexander 
were visited. 
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Utilization of Hydro-Electric Power 
by the Mining Industry in 
Northern Ontario 


Supplied by the Hydro-Electric Power 
Commission of Ontario 


By T. C. James, Assistant Engineer, H.E.P.C. of Ontario 


HE enormous expansion of the 

mining industry in Canada, 

and particularly in Northern 

Ontario, has been contingent 
upon the availability of an adequate 
supply of cheap hydro-electric power. 
In the province of Ontario where en- 
ergy is required in large quantities for 
carrying on mining operations, any 
other means of electric power generation 
is an economic impossibility. The use of 
diesel-engine power has been tried, but 
the high load factor operation of pro- 
ducing mines, particularly in the gold 
field, requires approximately double the 
amount of power generating equip- 
ment ordinarily necessary with that 
source of supply. The problem of 
transporting coal over great distances, 
with a resultant high haulage cost also 
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makes steam-driven generating units 
economically out of the question as a 
source of power for this class of load, 
especially when operations have 
reached the production stage. The ab- 
sence of coal in Canada’s geological 
structure, except in the extreme eastern 
and western portions of the country, 
therefore, excludes steam-driven units 
as a source of power generation with 
which to develop and market the heri- 
tage in mineral wealth with which we 
have been so richly endowed. 

In what is known as the Pre-Cam- 
brian Shield, in which area is located 
Canada’s great mineral wealth, water 
courses and water falls exist in great 
abundance. Nature has, therefore, pro- 
vided a potential source of power in 
that area, which makes it possible by 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discussion 
of “Hydro” matters and to maintain 
the co-operative spirit between muni- 
cipalities, as well as between muni- 
cipalities and the Commission. Articles 
of interest are invited for publication. 


the application of advanced engineer- 
ing practice, to secure all of the power 
necessary with which _ this 
wealth can be developed and_pro- 
duced ready for shipment to the world’s 


mineral 


markets. 

In 1909, when through the foresight 
and untiring activities of the late Sir 
Adam Beck, the distribution of hydro- 
electric power throughout the province 
of Ontario was inaugurated by means 
of government assistance and municipal 


co-operation, mining activities in Nor- 
thern Ontario were in their extreme 
infancy. The first two decades of 
Hydro expansion were confined to 
power supply in the more thickly set- 
tled and industrial areas in the southern 
and eastern portions of the province. 
By the year 1929, however, mining 
operations in Northern Ontario were 
rapidly expanding into a major indus- 
try, and power supply was becoming an 
acute problem, especially at rates which 
would assist existing producing mines, 
and encourage the development of 
prospects. The third decade of Hydro 
activities throughout the province be- 
longs to Northern Ontario, in spite of 
the fact that great expansions were 
still continuing in the well established 
southern and eastern districts. The 
Hydro-Electric Power Commission en- 
tered the Northern Ontario field in 
1929, specifically to assist the mining 
industry. In proportion to the num- 
ber of customers served, the expansion 
in load growth and territory covered 
has been phenomenal, and perhaps the 
greatest in Hydro history to date. Dur- 
ing the first two decades of Hydro 
operation in the southern and eastern 
portions of the province, the art of 
electrical engineering practice rapidly 
advanced, particularly in the transmis- 
sion and industrial application fields, 
and when activities began on a large 
scale in Northern Ontario, the experi- 
ence which had been gained in both 
design and _ utilization of electrical 
equipment made it possible for the 
Commission to keep pace with the 
exceptionally heavy demands for ser- 
vice. 

In the southern and eastern areas 
of the province the distribution of elec- 
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Ear Falls power development. 


trical energy has been made possible 
by municipal corporations guarantee- 
ing the capital investments and com- 
mitments of the Commission on their 
behalf, thereby securing their supply 
of power on a cost basis. ‘This scheme 
was unworkable in Northern Ontario, 
due to the populated areas being scat- 
tered and isolated, with the bulk of the 
power supply being dependent more 
or less upon mining operations only. 
Furthermore, as the life of a mine is 
limited to the extent of its ore reserves, 
there was no definite indication as to 
the length of time that any given trans- 
transformer station 
It was finally 


mission line or 
might remain in service. 
determined, therefore, that the Pro- 
vincial Government should sponsor out- 
right all investment in plant and equip- 
ment for the generation, transmission 
and distribution of electric power in 
the mining districts, and that The 
Hydro-Electric Power Commission of 
Ontario should design, construct and 
operate all works as trustee directly on 
behalf of the Government. This 
scheme is being carried out in all 
Northern Ontario areas, excepting the 
Thunder Bay system, which still oper- 
ates on a cost basis, and the various 
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systems so operated have been desig- 
nated—the “Northern Ontario Proper- 
ties”. 

In the fall of 1928 the officials of the 
Howey gold mine approached The 
Hydro-Electric Power Commission re- 
garding power supply to their property 
in the Red Lake district. These nego- 
tiations were completed by the execu- 
tion of a contract in 1929 which resulted 
in the Commission undertaking the 
construction of a power development 
at Ear Falls at the foot of Lac Seul 
on the English river. The first instal- 
lation at this location consisted of one 
5,000 h.p. unit. This was the begin- 
ning of Hydro operations in the north 
country, a beginning which made pos- 
sible the opening up of a fertile field 
for gold mining purposes. When the 
development at Ear Falls was placed 
in operation in February 1930, and 
power first delivered to the Howey 
mine, mining operations in the Red 
Lake area ceased to be a probability 
and became a reality. The Howey 
mine was the first producing gold mine 
in north-western Ontario, and in the 
twelve years following the initial open- 
ing up of that property, ten additional 
mines have been prospected, explored, 
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developed and placed under production 
in the Red Lake and Pickle Lake areas 
alone. To supply the power demands 
of these mines it has been necessary 
for the Commission to enlarge on two 
different occasions the initial installa- 
tion at Ear Falls to its present installed 
capacity of 17,500 h.p. It has also 
been necessary to construct an addi- 
tional development at Rat Rapids on 
the Albany river at the foot of lake 
Joseph, of approximately 3,000 h.p. 
capacity. The initial installation was 
one 1,400 h.p. hydro-electric unit, first 
placed in operation on May 14, 1935. 
This development was enlarged in 1936 
by the addition of a second unit of 
1,750 h.p. capacity. The initial Howey 
load was 542 h.p., whereas the total 
mining load sold at the present time 
from the Ear Falls and Rat Rapids 
developments approximates 14,000 h.p. 
The operating mines in the Red Lake 
and Pickle Lake areas of Patricia dis- 
trict supplied with hydro-electric power 
at the present time are—Central 
Patricia, Cochenour Willans, Hasaga, 
Howey, Jason, Madsen Red Lake, Mc- 
Marmac, McKenzie Red Lake, Pickle 
Crow and Uchi. Service in this area 
is supplied at transmission voltage at a 
frequency of sixty cycles. 


After closing the power contract with 
Howey, which enabled the Commission 
to proceed with the construction of 
Ear Falls power development, events 
moved rapidly in respect to power 
supply for mining projects in all sec- 
tions of the Northern Ontario area. 
In April 1929, the Commission acquired 
control of the assets of the Wahnapitae 
Power Company by a majority stock 
purchase, thereby obtaining the use of 
three hydro-electric developments on 


the Wanapitei river in the district of 
Sudbury, having at that time an in- 
stalled capacity of 15,700 h.p. This 
purchase included the contracts for 
power supply to the Mond Nickel Co. 
(now the International Nickel Co.) at 
Coniston, amounting to approximately 
4,000 h.p., and 500 h.p. supplied te 
the Falconbridge Nickel Co. 
that date the Commission has _pur- 
chased the Crystal Falls development 
on the Sturgeon river from the Abitibi 
Power & Paper Co., having an installed 
capacity of 10,000 h.p. No growth 
change has occurred in the original 
Mond Nickel Co’s. load at Coniston, 
but the Falconbridge Nickel Co. has 
greatly expanded, and is now taking 
approximately 8,400 h.p., to be sub- 
stantially increased by the spring of 
1942. <A portion of this Falconbridge 
load is supplied at 25 cycles from the 
Abitibi Canyon development due to 
capacity limitations of the Wahnapitae 
and Crystal Falls developments, which 
operate at sixty cycles. Service to 
mining customers in the Sudbury dis- 
trict from the 60-cycle supply is given 
at a transmission voltage of 22 kv. 
Power is also supplied to the city of 
Sudbury and the adjacent rural dis- 
tricts. When the Wahnapitae plants 
were acquired in 1929 the 60-cycle 
mining load supplied from same was 
approximately 4,500 h.p., whereas at 
the present time, approximately 9,000 
h.p. is being supplied for that purpose 
in the Sudbury district from the four 
hydro-electric developments supplying 
that area. 


Since 


In April 1930 the Commission closed 
a contract with the Ontario Power Ser- 
vice Corporation, a subsidiary of the 
Abitibi Power & Paper Co. for the 
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Cameron Falls power development. 


purchase of 100,000 h.p. from that 
Company’s Abitibi Canyon develop- 
ment, then under construction. The 
purpose of this deal was to provide for 
the power demands of The Interna- 
tional Nickel Co. at Copper Cliff, and 
the gold mines in the Porcupine, Kirk- 
land Lake, Matachewan and Larder 
Lake districts. The International 
Nickel Co. signed its power contract 
with the Commission in April 1930 for 
the taking of 16,000 h.p., under which 
delivery is made at approximately 110 
kv., 25-cycles, over a double circuit 
steel tower transmission line, construc- 
ted at the time the agreement was 
signed by the Commission, from Hunta 
to Copper Cliff. When the Courts 
placed the assets and operations of the 
Abitibi Power & Paper Co. in Receiver- 
ship, the Commission acquired by pur- 
chase the unfinished Abitibi Canyon 
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development, and undertook its comple- 
tion immediately. The first unit was 
placed in operation under Commission 
management in May 1933. The total 
installed capacity of this development 
is 300,000 h.p. The first customer 
supplied with power by the Commis- 
sion from this development was The 
International Nickel Co. at Copper 
Cliff, under its power agreement pre- 
viously mentioned. The International 
Nickel Co’s. load has expanded from 
an initial 16,000 h.p. to approximately 
75,000 h.p. at the present time. From 
this beginning extensions and expan- 
sions have rapidly progressed through- 
out the Porcupine, Kirkland Lake, and 
adjoining districts, until at the present 
time over a period of nine years the 
available output of the Abitibi Canyon 
development has been completely con- 
tracted for and the Commission is now 
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studying other sources of power supply 
for these districts. 


The second major contract for power 
supply from the Abitibi Canyon devel- 
opment was executed between the Com- 
mission and Canada Northern Power 
Corporation in November 1933, and 


power was first delivered to that com-_ 


pany at Kirkland Lake in February 
1934. The contract covered all growth 
power of the customer, which was used 
principally for mine operation for a 
period of ten years. The initial load 
approximated 5,600 h.p. whereas the 
maximum amount of power supplied 
to date under this contract exceeds 


56,000 h.p. 


The first contract executed by the 
Commission for power supply for min- 
ing purposes in the Porcupine district 
was with the Central Porcupine mine. 
This mine is not in active operation at 
the present time. Power was first de- 
livered to this company in April 1935, 
the initial load being 263 h.p. At the 
present time thirteen mining properties 
are being supplied with power in the 
Porcupine area, the total load exceed- 
ing, 22,000. h-p: 


by the Commission with power in the 


The mines supplied 


Porcupine area at the present time are 
Bonetal, Buffalo 
Ankerite, Delnite, De Santis, Faymar, 
Hallnor, Hoyle, Moneta, Pamour, Pay- 
master and Preston East Dome. ‘The 
first mining property supplied by the 
Commission in the Kirkland Lake dis- 
trict was the Bidgood Kirkland, power 
having been delivered to this mine for 
the first time in September 1934. The 
Matachewan area was first supplied 
with power in 1934, the first mine 
served being the Matachewan Consoli- 
dated in June of that year. In the 


—Aunor, Broulan, 


Ramore area only the Hollinger’s Ross 
mine in Hislop township is being served 
at the present time. The first mine 
served in the Larder Lake district was 
the Omega property in 1935, with an 
initial load of 216 h.p. The mining 
activities in the Shining Tree area are 
of comparatively recent origin. The 
first property served by the Commis- 
sion in that district was the Ronda 
mine in 1938, which has since ceased 
to operate. At the present time two 
properties are being served, viz: Tyran- 
In these five districts 
at the present time thirteen mining 
properties are being supplied with 
power by the Commission, having a 
combined load approximating 29,000 
h.p. These properties are Bidgood 
Kirkland, Golden Gate, Lakeshore, 
Lakeside Kirkland, Matachewan Con- 
solidated, Young-Davidson, Chesterville 
Larder Lake, Kerr-Addison, Omega, 
Jerome, Tyranite, the Ross mine oper- 
ated by Hollinger, and Yama. 


ite and Jerome. 


The Northern Empire Mining Com- 
pany signed a contract with the Com- 
mission in May 1933 covering power 
supply to its property located near 
Beardmore, approximately forty miles 
east of lake Nipigon in the Thunder 
Bay district. Power was first delivered 
to this customer in September of the 
from the Cameron Falls 
development on the Nipigon river, the 
initial load being 247 h.p. This line 
was extended in 1934 to the Little 
Long Lac mine and power was delivered 
to that property in September of that 
year. Up to September of 1941 power 
was supplied by the Commission to 
ten mining properties in the Beard- 
more-Little Long Lac districts, the 
combined load sold to which approxi- 


same year, 
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Interior of a generating station serving Northern Ontario mines. 


mates 12,000 h.p. Service in this area 
is supplied at 60 cycles, 44 kv. The 
mines served are—Bankfield, Hard 
Rock, Leitch, Little Long Lac, Magnet 
Consolidated, MacLeod - Cockshutt, 
Northern Empire (closed down Sep- 
tember 1, 1941), Sand River, Sturgeon 
River and Tombill. 

With the construction of the Ear 
Falls development, and the purchase 
of the Wahnapitae Power Company’s 
properties in 1929, followed by the 
completion of the Abitibi Canyon de- 
velopment, and the delivery of power 
to the Northern Empire mine from the 
existing Nipigon developments in 1933, 
together with the construction of trunk 
transmission lines originating from 
these power sources, the Commission 
had established and made available a 
dependable supply of power to all of 
the mining areas throughout the nor- 
thern portions of the province. In the 
years following, down to the present 
date, it has only been necessary to en- 
large existing power developments, and 
construct additional transmission lines 
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and transformer stations to supply the 
power requirements of the mining in- 
dustry whenever and wherever demands 
were created. This task, however, has 
been no easy problem during the twelve 
years of the Commission’s activities in 
Northern Ontario, due to the steady 
increase in the demands established by 
the mining industry, and the rapidity 
by which prospect properties were de- 
veloped and placed in production. In 
the Patricia district it has been neces- 
sary to enlarge the Ear Falls and Rat 
Rapids developments to a combined in- 
stalled capacity of 20,650 h.p., and to 
construct a large terminal transformer 
station together with two hundred and 
fifty-nine miles of 44 kv. and twenty- 
seven miles of 22 kv. transmission lines; 
in the Thunder Bay district two trans- 
former stations with capacities of 4,500 
kv-a. and 9,000 kv-a., as well as ninety- 
three miles of 110 kv., and one hundred 
and sixteen miles of 44 kv. transmis- 
sion lines have been constructed; in 
the Sudbury district the Crystal Falls 
development of 10,000 h.p. installed 
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capacity has been purchased and placed 
in operation, together with forty-six 
miles of 110 kv. connecting transmis- 
sion line; in the Abitibi district eight 
large terminal transformer stations have 
been constructed and placed in opera- 
tion, one having a capacity of 57,000 
kv-a., one a capacity of 15,000 kv-a., 
two with capacities of 9,000 kv-a. each 
and four with a capacity of 4,500 kv-a. 
each; to supply these stations trunk 
transmission lines operating at approxi- 
mately 110 kv. have been constructed 
and placed in operation to the extent 
of four circuits for a distance of 57 
miles; two circuits for a distance of 
282 miles; and one circuit for a dis- 
tance of 77 miles, together with 33 
miles of 26 kv. and 12 miles of 13.2 
ky. single-circuit distributing lines orig- 
inating at the various transformer sta- 
tions and terminating at the customer’s 
premises. All told, the Commission is 
now utilizing in Northern Ontario nine 
hydro-electric generating plants having 
a combined installed capacity of 475,- 
000 h.p., and a dependable capacity of 
approximately 320,000 h.p., about 60 
per cent. of which is being taken up 
by the mining industry. The difference 
between installed and dependable 
the 
caused by restricted output at low steam 
flow periods, as affected by, seasonal 
flow variation, storage facilities, the 


Capacities represents limitations 


load factor of the various customers 
The 
of mining properties 


supplied, and spare equipment. 
total 


served by the Commission in Northern 


number 


Ontario up to September 1, 1941 was 
sixty-two, of which twelve have ceased 
to operate, making a total of fifty now 
served. The total load sold to operate 
these various mines approximates 208,- 


000 horsepower. Taking the total load 
sold to mines at the close of 1933, at 
which time the Commission had made 
its power facilities available and was 
delivering power in all four of the areas 
in which mining operations are active 
in Northern Ontario, namely: Patricia, 
Thunder Bay, Sudbury and Abitibi dis- 
tricts, as 27,000 h.p. and the total load 
sold in August 1941 for mining pur- 
poses as 208,000 h.p., the increase in 
this eight-year period has been 670 per 
cent. 

The Commission’s Annual Report at 
the close of its fiscal year October 31, 
1930, during which period the capital 
invested in the Ear Falls development 
in the Patricia district, and in the 
Wahnapitae developments in the Sud- 
bury district definitely became active 
under the heading of Northern Ontario 
Properties, gives the total investment in 
plant utilized mostly for power supply 
to mining properties as approximately 
$3,000,000" Ven. years. datemwrassust 
October 31, 1940 the Commission’s an- 
nual report showed a capital investment 
in plant utilized for similar purposes, 
of approximately $40,000,000. This 
comparison illustrates briefly, but most 
emphatically the extent of the effort 
which has been made by The Hydro- 
Electric Power Commission in meeting 
its obligations to the mining industry. 


Although about two-thirds of the 
total hydro-electric power generated 
in Northern Ontario by The Hydro- 
Electric Power Commission is being 
utilized by the mining industry, the 
demands for municipal purposes and 
of the pulp and paper industry repre- 
sent a considerable amount, especially 
in the Thunder Bay district at Port 
Arthur and Fort William, also at Sud- 
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A four circuit, 110 kv. steel tower line serving mining areas. 


bury, and this class of load will account 
for about one-third of the total load 
generated. At the present time the 
dependable capacity of the various 
hydro-electric generating plants of the 
Commission in this area has practically 
all been utilized in supplying the power 
demands of mines and other customers 
and it will be necessary in the very 
near future to provide additional gen- 
erating plant capacity, either by the 
installation of additional equipment at 
developments where such is permissable, 
or, by constructing power developments 
at new sites. For this purpose, the Ear 
Falls development can be increased by 
the installation of one additional unit 
of 7,500 h.p., before the ultimate in- 
stalled capacity at that site is reached. 
Further development of other sites on 
the English river in Ontario is pos- 
sible. There are nine falls on this 
river between the Ear Falls develop- 
ment and the Manitoba boundary, from 
which approximately 100,000 h.p. is 
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obtainable. Additional power is ob- 
tainable at new sites on the Nipigon 
river in the Thunder Bay District to 
the extent of about 70,000 h.p. contin- 
uous power under present flow condi- 
tions. By means of the Ogoki diversion, 
now under construction, and expected 
to be placed in operation early in 1943, 
additional power can be obtained at 
This 
scheme provides for directing the flow 
of the upper portion of the Ogoki 
river through a diversion channel into 
lake Nipigon, thereby supplementing 
the flow of the Nipigon river which 
drains the entire Nipigon water shed 
into lake Superior. This additiona! 
flow will increase the power capacity 
of the Nipigon river by about 90,000 
h.p. 


both new and existing sites. 


continuous power inclusive of 
existing and future developments. Fur- 
ther power development on the Nipigon 
river, therefore, is possible to the extent 
of approximately 160,000 h.p. In the 


Sudbury district it is possible to de- 
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velop the French river which drains 
lake Nipissing into Georgian bay to 
the extent of approximately 20,000 to 
25,000 h.p. For the Abitibi district 
additional power can be developed on 
the Abitibi river above the Abitibi Can- 
yon development, and at various sites 
on the Upper Ottawa, one-half of the 
capacities of which are available for 
Ontario, and may be utilized as a 
power source for supplying the de- 
mands of the area lying between James 
bay, Georgian bay, and the Quebec 
boundary. The Commission’s engin- 
eers have been studying these various 


sources of future power development 
for some time past, and additional 
capacity will be made available from 
either one or all of these sources, when 
required. ‘To provide for the require- 
ments during the construction of addi- 
tional developments at new sites, it is 
possible for the Commission to pur- 
chase power from two existing sources 
from which approximately 35,000 h.p. 
might be obtained, thus assuring the 
mining industry a sufficient supply of 
power, to meet any further expansion 
which may develop, without the danger 
of a power shortage. 


Sanitation 
A Brief Sketch of its Growth and Importance 


By J. Albert Smith, Commissioner, H.E.P.C. of Ontario 


ANITARY engineering has a 
long interesting history. 
Whenever members of the human 
race have gathered into com- 
munities the problem of the disposal 


and 


of wastes has engaged the attention of 
those responsible for the government 
of the communities. 

We are all familiar with the Roman 
roads which contributed so much to 
the extension of the Roman Empire, 
and we have all seen pictures of the 
great aqueducts, which are milestones 
of our civilization, but it is not so well 
known that sanitation was from an early 
date a feature of Roman life. You 
gentlemen are probably aware that the 
main drain of Rome dates back to the 
period of the Tarquins in the sixth 
century B.C., when Rome was already 

Address to Annual Convention of The Canadian 


Institute on Sewage and Sanitation at Kitchener, Fri- 
day, October 17th, 1941. 


provided with subterranean sewers. 
Notwithstanding these facts and the 
knowledge that was available from the 
civilizations of Greece and Rome, many 
long centuries elapsed before the sani- 
tary disposal of wastes was generally 
recognized as essential to the safe 
growth of cities. 

The growth of sanitary engineering 
was early linked with the practice of 
preventive medicine. While the medi- 
cal profession was groping for more 
exact knowledge, there was an empiri- 
cal movement of practical prevention 
taking place. The men who built and 
governed cities had long sought to stem 
the tides of disease which threatened to 
overwhelm them. Even in Britain it 
was the ravages of pestilence in the 
middle ages—of leprosy in the 12th 
century—of the black death in the 14th 


—of sweating sickness in the 16th— 
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and of cholera and smallpox later on,— 
which compelled attention to the con- 
ditions which seemed responsible for 
these scourges. 

In 1388 was passed the first sanitary 
act in England, directed to the removal 
Under Queen Elizabeth 
scavenging became more stringent, and 
as time passed men began to see that 
environment was one of the principal 
factors in the origin and spread of 
diseases. Progress, however, was slow, 
very very slow, to our modern way of 
thinking. In 1843 a royal commission 
was appointed by Sir Robert Peel, at 
the instigation of Edwin Chadwick, to 
enquire into the outbreak of disease in 
large towns and the best means of 
improving the public health. This led 
to the passing of a comprehensive sani- 
tary measure in 1848, the establish- 
ment of a General Board of Health 
and the appointment of medical off- 
cers of health. In 1869 was appointed 
the Royal Sanitary Commission, which 
recommended that “the present frag- 
mentary and confused sanitary legis- 
lation should be consolidated”. ‘They 
proposed a Minister of Health, but the 
case miscarried. However, the Local 


of nuisances. 


Government Board was created in 1871. 
The Royal Sanitary Commission’s sum- 
mary of the national minimum of 
“What is necessary for civilized social 
The third was, 
the provision of sewerage and_utiliz- 
ation of sewage; the sixth the removal 


life’ had ten clauses. 


of nuisances and refuse, and consump- 
tion of smoke. 

As we glance back over the long 
history of the human race we sometimes 
become impatient at what appears to 
be the slow progress made in finding 
remedies for conditions obviously inim- 
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ical to the health and welfare of the 
people. But have we a right to be 
critical? The rapid growth of the 
United States was associated with very 
primitive sanitary conditions so that 
epidemics of typhoid fever and other 
preventable plagues marred the de- 
velopment of the country. In many 
instances water supplies were contam- 
inated, and sewage and wastes were 
disposed of in ways that were unsani- 


.tary and unsatisfactory. Similar con- 


ditions obtained in Canada. Even to- 
day we have to admit to our shame 
that primitive sanitary conditions stil! 
obtain in many sizable communities 
and to a far greater extent than should 
be in rural districts of Ontario. 

Fortunately we have now a valuable 
tool to enable us to remedy these con- 
ditions. I refer of course to the growth 
and extension of Hydro service, not 
only to the cities and towns, but to 
the rural villages and hamlets and to 
the individual farms. Wherever Hydro 
service is available, the farmer can pro- 
vide sanitary conditions equal to the 
best the city affords. As the means of 
ensuring sanitary conditions through- 
out the length and breadth of our fair 
Province are provided, we must not be 
timid in putting into force those meas- 
ures which will make it obligatory and 
economically possible for small com- 
munities and individual farms to have 
running water and modern plumbing 
with satisfactory disposal facilities. 

As has happened so many times in 
the past, war has temporarily slowed 


_up the provision of these necessary re- 


forms. Fortunately during the past 


ten years the Commission has been able 
to extend rural service to about 80 


per” cent: 


of those rural inhabitants 
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who are within economical transmis- 
sion distance of supplies of Hydro 
power. For the moment, due to the 
fact that all available supplies of power 
must be devoted to the war effort of 
Canada and to the difficulty of obtain- 
ing the necessary material for the ex- 
tension of transmission lines, it has 
been necessary to call a halt to further 
extensions in the rural districts. 

I notice from your programme that 


you have been discussing many inter-, 


esting detailed sanitary problems. In 
my contact with engineers I am con- 
stantly being the 
thoroughness engendered by a scientific 
approach to the details of the various 
problems dealt with. This seems to 
be as true in sanitary engineering as in 
the electrical supply business. This 
meticulous attention to detail has led 
to an immense improvement in the 


impressed with 


status of the engineer. 

In Edward Bellamy’s “Looking Back- 
ward’—which some of you will no 
doubt recall as a delightful Utopian 
picture of things to come in the year 
2,000—those who do the unpleasant 
tasks receive the same reward for their 
labour as those whose inherent ability 
enables them to undertake more respon- 
sible duties. William. Morris 
“News from Nowhere’’, which purports 
to describe London, England in the 
21st century under a socialist state, in- 
troduces a character by the name of 
Boffin who is described as “fa splendid 


a man whose surcoat was 


in his 


fieure ys Lak 
embroidered most copiously as well as 
elegantly, so that the sun flashed back 
from him as if he had been clad in 
golden armour’. The visitor from Lon- 


don of the present day, concluded that 
this resplendent individual must be at 
least a Senator but upon enquiry found 
that he performed an unpleasant but 
necessary civic duty—that of garbage 
collection. 

I have not noticed that the men 
responsible for the disposal of our 
municipal domestic and _ industrial 
wastes have yet adopted the gay cos- 
tume of the troubadour, nor, I surmise, 
does the pay they receive for their 
varied responsible duties entirely meet 


‘their wishes, but I think you will agree 


that the past fifty years has seen an 
immense improvement in the methods 
for the disposal of such wastes and also 
an improvement in the status of the 
sanitary engineer. 

The interchange of knowledge and 
experience promoted by these conven- 
tions and discussions contribute very 
largely, both to the effectiveness of 
your service to the public, and to the 
status of your honourable calling. It 
is sometimes pointed out that the mis- 
takes of the architect and the profes- 
sional engineer are apt to become 
monuments, whereas the mistakes of 
the medical profession are frequently 
placed underground. In the case of 
the sanitary engineer a large propor- 
tion of his successful work is placed 
underground, or in some out-of-the- 
way district where it will not attract 
public attention. Its importance how- 
ever can hardly be over-estimated, and 
I trust that satisfactory reports of your 
convention will further enlighten the 
public as to the important part played 
by the sanitary engineer in the welfare 
of modern cities. 


RO 
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The New 220,000 Volt Double-Circuit 
Transmission Line in Toronto- 
Hamilton Area 1941 


CTOBERS Ist 1928)-amarked 

the inception of the 220,000 

volt transmission of electric 

power in Ontario to the 
metropolitan Toronto area. An account 
of the subsequent expansion of the 
220,000 volt system has been given in 
an article in The Bulletin for July, 
1941. The new Burlington station was 
placed in service on August 24th, 1941, 
and the second 220,000 volt line con- 
necting to it on October 26th, 1941. 
This second line is one of the circuits 
on the double-circuit towers. 

The general details of the design and 
loading on these towers are covered in 
the article mentioned above in the 
July Bulletin. 

The construction work on this line 
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was done by the Commission’s Con- 
struction Department, in the manner 
described in the following paragraphs. 

After the line had been located and 
surveyed by the Engineering Depart- 
ment, profiles showing the type and 
location of each tower together with 
bills of material required were supplied 
the Construction Department, which 
issued shipping instructions covering 
towers, conductor, ground cable clamps, 
and other materials. 

Practically all of the grillages were 
set, as a test of a new method, by the 
sub-foreman, using a transit and tape, 
setting one corner at a time, thus elim- 
inating the inconvenience of transport- 
ing of templates. 
on the diagonals of the tower at a 


Four stakes were set 
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Standard 220,000 volt double-circuat 
tower (1941). 


certain known distance from the centre 
stake and outside the footing stubs. 
After the excavations were dug the 
grillagze and stub were lowered into 
the hole and lined up in the proper 
For the top of the stub, a 
tape only is necessary, using the centre 


position. 


stake and the stake on the diagonal 


Double-circuit transposition tower at 
Yonge Street (1941). 


to line in the stub. For the bottom 
of the stub a plumb bob is necessary. 
When the grillage is in its proper posi- 
tion, it is braced against the side of 
the excavation so as to prevent move- 
ment of the stub during back-filling. 


On all semi-anchor towers and on 
suspension towers Carrying a 2° angle 
or greater, the excavations were under- 
cut approximately 6 inches and a con- 
crete slab poured around the footing 
If the dis- 
tance the concrete slab projected be- 
yond the grillage was greater than the 
depth, the slab was reinforced with 
scrap sstecl or rods. 


channels and cross ties. 


After the grillages were set, the tower 
gangs followed along. 
towers, the 


In erecting the 


steel was assembled in 
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Clearance and loading diagram for 
standard tower. 


panels and hoisted into place using a 
gin pole inside the tower. For the 
first panel the gin pole rested on the 
ground and the top guyed in four 
directions. As the tower was built, 
the gin pole was hoisted and supported 
at the bottom by four slings attached 
to the tower legs at the panel points. 
The four guys at the top permitted tilt- 
ing the gin pole to any side as re- 
quired. Assembling the panels on the 
ground speeded up erection and also 
permitted tightening a considerable 
number of bolts on the ground where 
it could be done more economically. 


Cable stringing was done by another 
gang which followed the steel erection 
gang. Each tower was equipped with 
travellers at the lower end of the in- 
sulator strings and at the ground cable 
support. In unreeling the cables, as 
each tower was passed a rope was run 
through the traveller and the ground 
cable or conductor drawn through the 
traveller by means of a mesh type cable 
grip attached to the rope. Due to the 
weight of the copper cable on this line, 
only one conductor or the ground cable 
was strung out at one time. After the 
cable had been sagged in, i.e. pulled 
until the sag is correct, a suspension 
clamp was substituted for the traveller 
and the cable clamped in. Since there 
is a certain amount of friction in the 
travellers it was necessary to “sag in” 
this heavy conductor every mile. begin- 
ning at the far end and working to- 
ward the end at which the cable was 
being pulled. The ground cable was 
“sagged in” and “clamped” at the same 
time. 

Before turning the line over to the 
Operating Department, the Forestry 
Department made a check survey on 
the clearances to trees along the right- 
of-way. A “clean-up” gang took care 
of any additional trimming shown to 
be necessary and at the same time tight- 
ened any loose bolts, added more back- 
fill where necessary, and generally took 
care of any small details which may 
have been overlooked earlier.—C.A.S. 
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Some Practical Electrical Tests 
For Transformers 


Determining Three Phase Losses of Core Type Transformers 
by Single Phase Methods 


By F. K. Dalton, Testing Engineer, H.E.P.C. of Ontario 


N the November 1936 issue of The 
Bulletin, under the above title, the 
writer described some unusual 

tests for power and distribution 
transformers by means of which special 
information had been obtained as to 
their characteristics not 
available from standard tests. Many of 
these methods have now been used by 
transformer manufacturers and, in sev- 


which was 


eral instances, have been adopted by 
them to procure design information. 
The method of determining three 
phase losses by single phase measure- 
ments was then described for star con- 
nection only. A similar method has 
since been applied for delta connection. 
Both of these have been used in many 
cases not only for obtaining three phase 
values but also for analyzing conditions 
Re- 


cently, a “Zig-zag’’ grounding reactor 


where trouble has been found. 


was tested in this manner. 
Determination by single phase mea- 
surements is particularly of advantage 
(a) where the test department is not 
equipped with a three phase supply of 
voltage, (b) 
supply but voltage is not well bal- 
anced, or (c) where high voltage is to 
be used and there 


where there is such a 


are not sufficient 
instrument transformers available so 
that it vould become necessary to 
change connections during the tests. 
These methods also provide an excel- 


lent check on three phase measure- 


ments when there is considerable vari- 
ation in voltage. 


THREE PHASE STAR CONNECTION 


Where the winding to which voltage 
is to be applied for core loss or copper 
loss measurements is connected in star, 
the other winding, not shown in the 
diagram, may be in either star or delta. 


Core Loss and Exciting Current 


Single phase voltage is applied first 
between terminals A and B, Fig. 1, and 
adjusted to a value equal to twice the 
normal voltage per leg of this winding; 
readings of core loss and existing cur- 
rent are taken. 
during this test. 


Terminal C is open 


The same value of voltage is next 
applied between terminals A a C, with 
terminal B open, and readings taken. 
It is then applied between terminals 
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B and C, with terminal A open. It 
will be observed that the readings taken 
on terminals A and C are higher than 
readings on the other connections, 
which should be equal to each other. 
With terminals A and C, two legs and 
four yoke sections are involved, where- 
as with terminals A and B, or B and 
C, two legs but only two yokes are 
included. In each case the sections 
magnetized are at normal flux density. 

It will be observed that if these 
three core loss measurements be added, 
each part of the core is included twice. 
Half the sum of the three readings, 
therefore, is the normal three phase 
core loss of the transformer. 


Gore: Iboss, (3) phase) == 


Wap t+ Wac + Wee 
2 
The three readings of exciting current 
are added and averaged; the result is 
a close approximation of the average 
three phase star exciting current on 
balanced normal voltage.— 


Fxcime Current (3 phase) —— 


LAB. cl ACs ae Be 
3 


Copper Loss and Impedance 


Where copper loss is to be measured 
and voltage is to be applied to a star- 
connected winding, the other winding, 
whether star or delta, is short-circuited 
in the usual manner including all ter- 
minals. Voltage is then applied to ter- 
minals A and B, with terminal C open, 
and adjusted to give normal full load 
current in these two phases. Readings 
of voltage and copper loss are then 
taken. Following this, similar readings 
are taken at normal load current on 
terminals A and C, then on B and CG, 
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the third terminals being open in each 
case. 

The three copper loss measurements 
are added. Half of this sum will be 
the normal three phase copper loss of 
the transformer. The three impedance 
voltage readings are also added, aver- 


aged, and the result multiplied by mae 
to give the normal three phase star im- 
pedance voltage. 
Copper Loss (3 phase) == 
Wasp t+ Wac + Wace 
2 
Impedance Voltage (3 phase) == 
(ag ee ao 
3 Ane, 


THREE PHASE DELTA CONNECTION 


Age es 


When the winding to which voltage 
is to be applied for measurement is 
connected in delta, the principle is the 
same as before but the method differs 
slightly. However, in this case also, 
the other winding, not shown in the 
diagram, may be in either star or delta 
connection. 


Core Loss and Exciting Current 


Single phase voltage, at normal delta 
phase value, is applied to terminals A 
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and B, with a jumper, J, connecting 
B to C, as shown in Fig. 2, which short 
circuits the windings on the centre leg 
of the core. Readings of core loss and 
exciting current are taken. Voltage is 
applied again to the same terminals 
but with A and C connected together 
by the jumper, and similar readings are 
taken. For the third set of measure- 
ments, voltage is applied to terminals 
A and C, with the jumper connecting 
A to B. The three sets of readings, 
therefore, are taken under conditions 
where the three leg windings are short 
circuited separately and_ respectively. 
Where the winding of one leg is thus 
short circuited, no appreciable flux will 
flow through that leg of the core. The 
flux, therefore, will be confined to defi- 
nitely known legs and yokes, just as 
with the star connection. The readings 
with the jumper short circuiting the 
centre leg will be the highest of all. 
The other two readings should be equal 
to each other. 

The three phase core loss will be 
half the sum of the three readings as 
before. 
Core Loss (3 phase) == 

Wy-8c a Wyac a Wy-aB 
2 

(Wy-gc: with jumper from B to C) 

In each connection, two legs are 
being excited in parallel. The normal 
three phase delta exciting current, per 
line, then will be the average of the 


v3. 
2 


three readings multiplied by 


Exciting Current (3 phase) 


Iy-3e a Tyac AE Ty-az 
Q 


Copper Loss and Impedance 
When copper loss is being measured 
with voltage applied to a delta-con- 


/3 
Oe 


nected winding, the other winding is 
short circuited, including all terminals. 
With the jumper, J, connecting B to C, 
voltage is applied to terminals A and B, 
and the current is adjusted to twice the 
normal three phase value per leg. Read- 
ings of copper loss and impedance vol- 
tage are taken. Similar readings are 
taken with the jumper from A to CG, 
and then with voltage applied to ter- 
minals A and C with the jumper from 
Aiton 5, 

The three phase copper loss _ will 
again be half of the sum of the three 
The three phase 
delta impedance voltage will be the 
average of the three single phase im- 
pedance voltage readings. 

Copper Loss (3 phase) 


Wyse + Wyac Few yas 
2 
Impedance Voltage (3 phase) 
Vppe co ey pales tae exe 
3 


loss measurements. 


ZIG-ZAG GROUNDING REACTOR 


The necessity of measuring core loss 
and exciting current on a 13.2 kv. three 
phase grounding reactor, without suff- 
cient instrument being 
available for testing, required the use 
of the above methods of determining 
these values by single phase measure- 
ments. It is apparent, however, that 
terminals A, B and C, Fig. 3, cannot 
be used for this purpose for the wind- 
ings are so distributed and connected 
that all legs would be excited on each 
test,—one leg fully and the other two 
legs each half excited. 

For this test, terminals D, E and F 
must be accessible. These give a 
straight star connection so that the 
method described with Fig. 1 may then 


transformers 
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A 


C E ) 
Hige3: 


be used but the voltage applied single 
phase would have a value of two-thirds 
of the normal three phase voltage, 
A-B-C. 
Three sets of readings are taken,— 
voltage applied from D to E, E to F 
and D to F, respectively. ‘Three phase 
core loss, as before, will be half the 
sum of the three single phase loss read- 
ings. Normal three phase exciting cur- 
rent will be the average of the three 
readings taken divided by 4/3, 
Core Loss (3 phase) == 
Wor + Wer + Wor 
2 
Exciting Current (3 phase: A-B-C) —= 
lpg, “> ler ape 
3 V3 
Copper loss may be measured by 
single phase readings with voltage ap- 
plied to terminals, D, E and F, in 
pairs, and with sections A-D, B-E and 
C-F, short circuited separately. The 
use of the single phase impedance vol- 
tage readings to determine three phase 
impedance under the conditions of a 
grounded line, or short circuit from 
line phase to neutral, appears consid- 
erably more complicated and such de- 
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termination would not seem to be re- 
liable in any case due to the intercon- 
nection of windings and the uncertainty 
of actual flux values in different mag- 
netic circuits. 


ANALYSIS OF FAULT CONDITIONS 


Three single phase readings of core 
loss, taken as explained above on either 
star or delta connection, may be used 
to segregate the iron loss per leg and 
per yoke. The relative lengths of leg 
and yoke may even be calculated from 
the results. Comparison of the read- 
ings will also show whether loss in any 
one leg differs from those in the other 
legs, either in the iron or due to short 
circuited turns in the windings on that 
leg. 

In one instance, where an old trans- 
former had considerably higher core 
loss than the original value, it was 
thought that some stud insulation had 
failed. Analysis by the above method, 
however, showed all legs to have equal 
loss. Further analysis of iron losses 
showed that the increase was entirely 
in the hysteresis loss of the core, appar- 
ently a natural slow aging, and that 
there was no need for alarm as to the 
condition of the stud insulation. 

In another case, two duplicate trans- 
formers were tested. One had much 
higher core loss than the other but an 
analysis, by these single phase methods, 
showed that all of the additional loss 
was in one of the outer legs. Segre- 
gating the eddy and hysteresis com- 
ponents of the losses by test at different 
frequencies, showed that all of this ex- 
cessive loss was of the nature of cir- 
The fault then was 
quickly located,—an error in winding 
connections on this leg of the trans- 


culating currents. 


former which caused appreciable extra 
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current to circulate through several 
turns of the high voltage winding. 


SHELL TYPE AND OTHER TRANS- 
FORMERS 


Up to the present time, the methods 
of test here described have been applied 
only to three phase core type trans- 
formers and reactors where the centre 
lines of all legs lie in the same plane. 
These methods evidently require some 
modification before being used for de- 
termination of core loss in shell type 
transformers, however, as the flux in 
some parts of the core would not be 
at normal value on this test and there- 
fore the losses in these sections would 
not be normal. Nevertheless, it should 
be quite satisfactory to measure copper 
loss in this way in low reactance shell 
type transformers for the flux values 


then are very low and any errors prob- 
ably would be negligible. 

Before these methods may be applied 
to core type transformers which have 
unusual core forms, it would be neces- 
sary to study the flux conditions ob- 
taining in the yokes but it is doubtful 
that satisfactory measurements of core 
loss could be obtained on such trans- 
formers. ‘There would not appear to 
be any advantage in measuring the 
losses of a three phase bank of single 
phase transformers in this way where 
the units could easily be disconnected 
and measured separately. Experience 
in the application of these methods of 
test to three phase core type trans- 
formers has been very satisfactory, 
however, both for determination of 
losses and also in analysing conditions 
when investigating trouble and search- 
ing for faults. 
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Construction North of 54° 


Robert F. Leggett, Assistant Professor of Civil Engineering, 
University of Toronto, Toronto, Ont. 


PUNO GH 


ments 


recent develop- 
in the vast area of 
northwestern Canada formed 
by the Mackenzie River 


Basin are known to mining engineers, — 


if only because of the much publicized 
Eldorado radium mine on Great Bear 
lake, to civil engineers the region still 
remains as a large space on maps of 
the continent and but little more. The 
distortions of map projections have 
probably led many to discount the size 
of the basin. Actually, the Mackenzie 
is one of the eight major river systems 

From an Address delivered to the London Branch 


of The Engineering Institute of Canada, on Decem- 
ber 12th, 1940. 


of the world, second only in size, in 
North America, to the Mississippi. Its 
catchment area is about 682,000 square 
miles, the St. Lawrence basin being 
only 498,000 square miles in compari- 
son: From. “its ssource sta Matsa deltaic 
mouth in the Arctic ocean the Mac- 
kenzie is about 2,525 miles long, the 
Columbia river ranking third in length 
at 2,200 miles. And Great Slave lake, 
with an area of over 12,000 square 
miles, is the fourth great lake of the 
continent. 


Extending from the 53rd parallel to 
the Arctic Ocean, the topography of 
the basin is featured by a central plain 
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flanked by the western extremity of 
the Laurentian Shield on the east, and 
by the Rocky mountains on the west. 
First explored by Alexander Mackenzie 
in 1791, in one of the greatest canoe 
journeys ever made, the region retained 
its virgin character until well on into 
the present century. The trapping of 
fur bearing animals was the only en- 
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croachment of man into this vast area 
of the wilds. Hudson’s Bay Company 
posts along the main waterways were 
the only permanent settlements. Trans- 
port was limited to movements along 
navigable waterways and to short jour- 
neys inland from the river banks. 
The coming of the aeroplane effected 
a radical change, making contact with 


358 


THE BULLETIN 


HUM THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO THIINIINIINUIMINTUTTITTIIIY 


the outer world regular and speedy, 
and permitting the study of large areas 
of otherwise inaccessible country with 
ease. The first flight into the North 
from Edmonton was made in March, 
1921. In 1922 planes of the Royal 
Canadian Air Force started aerial sur- 
vey work. To-day two well established 
aerial transport companies operate reg- 
ular services along the Mackenzie as 
far as the Arctic from Edmonton, Al- 
berta, and Prince Albert, Saskatchewan. 

Prospecting, in the pre-cambrian 
rocks of the Shield, was greatly facili- 
tated by aerial travel. As a result of 
the increased activity in prospecting, 
five gold mines are to-day operating 
on the north shores of lake Athabasca 
and Great Slave lake, while on Great 
Bear lake is the well known radium 
mine, now shut down. Other prospects 
are in course of development. Where 
previously Fort Smith, “capital’’ of the 
Northwest Territories, was the metro- 
polis of the basin with a total popula- 
tion of about 400, to-day Goldfields 
on lake Athabasca has a population 
of about 1,000 and Yellowknife on 
Great Slave lake is about the same 
size, both thriving mining settlements. 

The mills associated with the gold 
mines have a total capacity of 1,700 
tons of ore per day; their construction 
involved the usual structural work en- 
countered with mill buildings.. Power 
supply was originally obtained from 
Diesel engines, but to-day the Box mine 
at Goldfields is served by a small water 
power plant on Wellington lake, power 
being delivered to the mine over a 22 
mile 60,000 volt transmission line. In 
view of the nature of the country tra- 
versed, rocky and rugged with much 
muskeg, steel towers were used for the 
line with the longest spans practicable. 


In consequence, there are only 107 
spans in the whole line. Water for 
the plant is diverted from Tazin lake 
through a 16 ft. by 12 ft. rock tunnel 
1,100 ft. long, to Mud lake. Three 
open cuts, totalling 77,000 cubic yards 
of excavation, provide a water channel 
from Mud lake to White lake, the 
level of which has been raised 15 ft. 
by a log crib dam 350 ft. long. Serving 
as the forebay, this lake is tapped by 
another tunnel, 15. ft. 
leading to two 10 ft. woodstave pipes, 
through a 14 ft. wye piece, and so to 
the power house. At present a flow 
of 500 cu. ft. per sec. is used to gener- 
ate 3,300 “hip.enderas/ auiteec: 
but all the permanent works have been 
designed and constructed for an ulti- 
mate development of 6,600 h.p. using 
1000 2cu wit peresec: 

Constructed in 1937-38 the plant 
called for no unusual construction 
methods but it did necessitate special 
transportation Every 
conceivable means of transport in the 
north was employed at some time dur- 
ing the progress of the job, even to dog 
teams in the winter for hauling lumber 
The greatest difficulties 
were encountered in connection with 
the Mud lake tunnel and open cut 
excavation. A road was constructed 
from lake Athabasca to the power 
house site, but diligent search failed 
to reveal any route from there to Mud 
lake, either by land or by water, that 
would provide a road that could be 
economically constructed in the time 
available. All equipment and supplies 
for this section of the work were there- 
fore flown in to the site. Handled in 
this way, in several large multi-pas- 
senger planes, were 300 tons of oil, 250 
tons of gasoline, food for 40,000 man- 


in diameter 


arrangements. 


over the ice. 
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shifts of work, three two-ton trucks, 
three 360-cu. ft. compressors, eighteen 
dump ore cars, a four-ton gasoline loco- 
motive, and even a three-quarter yard 
Diesel shovel, this being the largest size 
that could be dismantled into parts 
sufficiently small for transport by air. 
The cost of this unusual transport job 
was $48,000, the total transportation 
cost for the whole project, from the 
railhead at Waterways, being $229,000. 
Labour costs amounted to $457,000, 
the complete installation costing in all 
$1,511,600. ‘This figure should be con- 
sidered only in relation to the extremely 
isolated location of the job, and the 
fact that a good deal of the work had 
to be carried out in winter. 

There has just been completed, to 
serve the mines in the Yellowknife 
area, a second water power plant of 
4,700 h.p. capacity on Prosperous lake, 
the power house of which is located on 
the Yellowknife river, below the lake. 
Water storage is obtained in nearby 
Bluefish lake, the level of which has 
been raised 10 ft. by a rockfill crib 
dam about 500 ft. long, the penstock 
being supplied through a 900 ft. rock 
tunnel. Surge tank and penstock are 
of woodstave construction, the latter 
being 1,800 ft. long, giving a head of 
105 ft. at the power house.. Power 
will be delivered to the mines over a 
22 mile transmission line, also con- 
structed with steel towers and unusually 
long spans. ‘Transportation problems 
have been relatively easy since all ma- 
terial could be delivered almost to the 
power house site by water with only 
one transfer from the regular freighting 
service on Great Slave lake. 

The precious metal mines are all 
located in that part of the Mackenzie 
basin formed by the edge of the Laur- 
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entian Shield. To the west, but uncon- 
formable with the pre-cambrian rocks 
of the Shield, are exposures of creta- 
ceous and palaeozoic rocks in which 
occur coal and oil deposits. One of 
the coal beds exposed on the banks of 
the Mackenzie river has been burning 
slowly ever since it was first seen by 
Mackenzie in 1791. Although the coal 
has been little used as yet, the Imperial 
Oil Company Limited have a small oil 
refinery located at Norman Wells, 
about 100 miles south of the Arctic 
Circle. Their Discovery Well No. 1 
was completed in 1921 but lack of a 
market for the oil delayed further pro- 
gress. Recent mining operations have 
provided a small market and led to the 
building of the refinery in 1939. The 
new unit has a capacity of 840 barrels 
of crude oil per day; an aviation gaso- 
line and light Diesel fuel are produced. 
It operates for about three months of 
each year, all equipment near the river 
being hauled up high on the bank be- 
fore the winter sets in so that it shall 
be clear of spring flood waters. Flood 
water level may be more than 50 ft. 
above normal water level, due to the 
fact that the river flows northwards 
and so thaws out first at its source; this 
unusual feature affects all river-bank 
development. 

Construction of the refinery was in- 
teresting in that the ground at the site 
iit ozento..a. depth oly over OO) tect, 
thawing out in the short summer season 
to no more than 18 inches below the 
surface. Grading operations for con- 
struction consisted of “skimming” off 
this thawed layer, and using it to form 
a foundation area raised above the 
general level of the surrounding ground. 
This raised section of thawed out earth © 
was surrounded by a stone filled trench 
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which prevents surface drainage from 
entering the soil and so freezing during 
the winter. As the untouched ground 
beneath the fill will never thaw, since 
the sun never reaches it, all frost heav- 
ing has been prevented. All equipment 
for the refinery had to be brought in 
to the site by water, the heaviest pieces 
being limited to 10 tons in weight and 
10 ft. by 35 ft. in size. The fraction- 
ating tower was 35 ft. high and 4 ft. 
in diameter and so was shipped com- 
plete. All large piping was shop fabri- 
cated; storage tanks were of bolted 
construction. 

It will be appreciated that apart 
from the surmounting of climatic diff- 
culties such construction as has been 
carried out in this great area has pre- 
sented few unusual features. Contrary 
to usual experience, ,it “1s 
rather than building 
presents the problems. 
has been mentioned; 


transport 
operations that 
Aerial transport 
it provides all 
mail and light express service, but or- 
dinary freight and heavy equipment 
have to be brought in by water, during 
the very short summer season of open 
navigation, always less than six months. 
The Northern Alberta Railway provides 
access to the basin from Edmonton by 
means of their Peace River lines and 
that to Waterways on the Clearwater 
river near its Junction with the Atha- 
basca river; the latter.is the route 


used for all but local Peace river ship- 
ments. From Waterways to the Arctic 
ocean at Aklavik the river route 1s 
about 1,600 miles long and in this dis- 
tance the fall in water level is only 
820 feet. Very fortunately 125 feet 
of this drop occur in a series of big 
rapids at Fort Smith, N.W.T., and 
these provide the only serious impedi- 
ment to navigation in the whole course 
of this long journey to the sea. ‘Two 
sixteen-mile portage roads have been 
built around the rapids on which oper- 
ate competing fleets of heavy duty 
trucks and tractors capable of handling 
practically anything that can be loaded 
on to river boats from railway. cars at 
Waterways. 

The several water transport organi- 
zations have each to maintain two fleets 
of vessels, above and below the Fort 
Smith rapids respectively. The service 
thus provided has a special interest in 
that it is now one of the very few in- 
land water transportation systems in 
this continent unaffected, as yet, by 
competition from road or rail. The 
economic problems are as unusual as the 
service provided. Practically all freight 
moves one way only, to the north; all 
freight for the Northwest Territories 
has to be portaged sixteen miles; and 
all freight for the year has to be moved 
in less than six months—these are some 
of the problems that complicate oper- 
ations.—T"he Engineering Journal. 
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The Electric Utility in Canada 


By Wills Maclachlan 


(Continued from October) 


The tremendous potential power of 
Niagara falls was always a challenge 
and many attempts had been made to 
develop a plant that would make power 
available. In the late 1880’s extensive 
studies were carried out on this idea, 
the. thought ranging from supply of 
water power to individual mulls and 
allowing them to develop their own 
power, or to a central station supplying 
power to the mills. Quoting from 
Edward Dean Adams, one who was 
very interested in this development, we 
find the following: 


“When the original development of 
the Niagara Falls Power Company was 
contemplated, we had no idea what 
shape the power would eventually take 
—whether it would be electricity, com- 
pressed air, water under pressure or 
what not. We did determine to make 
an exhaustive investigation, to consult 
the best engineering talent in this coun- 
try and in Europe and after that to 
map our future course. Of one thing 
we were certain, we would use water 
from the Niagara river above the falls 
and discharge it again into the river 
below the falls, and no matter what sys- 
tem of power development was adopted, 
a tunnel was required. In order to 
save time we started to build a tunnel 
before we came to any conclusion about 
the type of equipment to be used in 
the power house.” 

Would financial men of 1940 go 
ahead with such a project under such 
conditions? After very considerable in- 
vestigation by the International Niagara 
Commission which met in London, Eng- 
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land, and upon which was Lord Kelvin, 
on May 6th, 1893, a decision was ar- 
rived at to use alternating current 
3-phase at 25 cycles and the orders 
were placed for a 5000 h.p. generator. 


Two stories are current as to the 
choice of 25 cycles; one that this was 
set by the most efficient speed of the 
hydraulic turbine, the other that it 
was a compromise between the fre- 
quency of 40 cycles then common in 
Europe and 10 cycles, the most efficient 
for the then rotary convertors to carry — 
tailway load. Ranged on the side de- 
voted to direct current were Edison 
and Kelvin and on the alternating cur- 
rent side were Westinghouse and Fer- 
ranti. So was launched the develop- 
ment of power at Niagara Falls and the 
possibility of the transmission of that 
power. 


A few earlier cases of transmission 
of power had been carried out, such 
as that of the Telluride Power Trans- 
mission Company in Colorado during 
the winter of 1890-91. These cases, 
however, were much smaller than at 
Niagara. 

It is difficult to state which was the 
first transmission of power in Canada, 
but certainly the power plant at Ste. 
Narcisse transmitting power to Three 
Rivers was among the earliest and very 
probably was the first in the British 
Empire to transmit power a distance 
of 18 miles. This plant went into 
operation between 1894 and 1895. It is 
interesting to see the early power plant 
and transmission line and also to see 
the present development at this point. 
Copper from this early transmission 
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line is used in making the bronze 
medals of the Canadian Electrical 
Association for award to employees of 
public utilities in Canada for successful 
cases of resuscitation from electrical 
shock. 

Owing to the fact that increased 
power was needed in the city of Mont- 
real and to the fact that there was con- 
siderable potential power on the Ste. 
Maurice river, the Shawinigan Water 
and Power Company was incorporated 
on January 5th, 1898, to develop power 
at Shawinigan Falls, and construction 
was started in the winter of 1899. 
Hydraulic power was first delivered to 
the Aluminum Company of Canada on 
July 1st, 1901, and following the prac- 
tice of those days an endeavour was 
made to locate near Shawinigan, in- 
dustries, particularly of a chemiral char- 
acter, which would require considerable 
amounts of power. ‘Transmission of 
power at 50,000 volts to Montreal, 85 
miles distant was completed on March 
Ist, 1903. As in all power companies 
operated on the river, the storage of 
water and the balancing of load be- 
tween power plants has received care- 
ful and considerate investigation by the 
officers of the Shawinigan Power Com- 
pany during the whole of its existence. 
This has necessitated dams and power 
plants over all the reaches of the Ste. 
Maurice and some of the more modern 
developments are interesting to view. 

One can hardly think of the Shawin- 
igan Company without associating with 
it the name of Julian C. Smith. Born 
in 1878 in Elmira, N.Y., he completed 
his undergraduate education at Cor- 
nell. After having experience with 
Wallace C. Johnston at Niagara Falls 
he came to Shawinigan in the early 
years of this century. He had great 


ability not only in purely engineering 
matters but also in the many problems 
with which a chief executive has to 
deal, marking him as one of the out- 
standing men in this field in Canada. 
However, to those who knew him 
Julian C. Smith will be remembered 
best for his assistance to engineering 
organizations, counsel to Universities 
and quiet guiding advice to those who 
sought his assistance. On June 24th, 
1959; Canada lost ae man =wiom wit 
could ill afford to lose. 

Hamilton, Ontario, had the usual ex- 
perience of cities in the development 
of power—a local steam plant serving 
a local community. About 1896, the 
Cataract Power Company was organ- 
ized to develop power at De Cew Falls. 
Water rights were completed in 1897 
and the plant put in operation and 
power transmitted to the city of Hamil- 
ton in 1898. It is interesting to note 
that the engineer who built the power 
plant at De Cew was a Canadian born 
in Brantford, educated as a civil en- 
gineer and spent his early life in rail- 
way construction. Lieutenant-Colonel 
Reuben Wells Leonard is probably 
known to Canadians and particularly 
to the Universities of Canada as a 
benefactor in many fields, but as a 
young engineer he was the builder of 
the first plant on the Canadian side of 
Niagara falls, of the plant at De Cew 
Falls and later the Kakabeka plant of 
the Kaministiquia Power Company 
near Fort William. 

It was not a simple thing to con- 
vince manufacturers, even in 1900, 
that electrical power was as satisfactory 
as their steam plants. I quote from 
a statement of W. G. Angus who was 
connected with the Cataract Power 
Company from the building of De Cew. 
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“An interesting thing happened at 
what was known as the Ontario Col- 
oured Cotton Company when we were 
trying to get the business. They got a 
slug of water over from the boilers 
and punched the end of the high pres- 
sure cylinder and shut down the mill 
and they were in trouble. I had up in 
the old Hamilton Electric Light Com- 
pany a large motor. I took it down 
there and put it in the mill in the loom 
room on the first floor and eliminated 
the belting that ran back into the en- 
gine room. It was a question whether 
it would carry the mill and we started 
it up and made a. temporary job of it. 
We got the mill running and it ran, 
showing a pretty considerable saving 
between that and the engine. After 
they got their engine fixed and the 
question came up to get the motor out, 
I went to Mr. Dexter several times 
and he always put off letting the motor 
go. Finally the truth came out that 
the good speed regulations in the elec- 
tric drive had demonstrated a consider- 
able saving in what they called seconds. 
That is, the steam engine varies in 
speed up and down, especially old 
machines. He found he had elimin- 
ated a lot of seconds by the close regu- 
lation in speed which he got by the 
electric drive. That got us a big 
customer.” 

It would be impossible to cover the 
many developments of the early days 
of this century. The Canadian Niagara 
Power Company, Ontario Power Com- 
pany and Toronto Power Company 
were building plants on the Canadian 
side of Niagara falls. Power was trans- 
mitted to the city of Toronto in the 
fall of 1906. 

Owing to the growth of load in Win- 
nipeg, power was developed at Pinawa 
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Channel and transmitted to Winnipeg 
in 1906. 

We have seen how the scientific 
truths enunciated by research workers 
were taken by inventors and the results 
of their labours welded into small power 
plants to serve small towns or the small 
part of a large city. We have seen 
where these plants have been consoli- 
dated together due to the possibility of 
primary voltages up to 2200 volts. 
Later, large blocks of power were de- 
veloped and transmission lines with vol- . 
tages up to 50,000 carried out, but for 
the most part, carrying these large 
blocks of power from the point of gen- 
eration to a large distributing point. 

Investigations were now carried out 
in a number of points, which resulted 
in the tying together of a number of 
power plants by transmission lines and 
serving a number of towns or cities. 
About 1909 such a system then known 
as the Electric Power Company was 
organized by the late Cecil B. Smith. 
Mr. Smith was a civil engineer, a pro- 
fessor of McGill University, the first 
Chief Engineer of the Hydro Electric 
Power Commission and at the time 
under consideration was a consulting 
engineer. By developing a system in 
central Ontario, tying together a num- 
ber of power plants on the Trent river, 
a system was organized to supply the 
district bounded by Oshawa on the 
west, Napanee on the east and Tweed, 
Peterborough and Lindsay on_ the 
north. 

A very similar type of system was 
organized a few years later by a recent 
graduate in Engineering of McGill, J. 
B. Woodyatt. This tied together a 
number of power plants in the southern 
counties of Quebec and fed through a 
network of transmission lines such towns 
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as St. John, Drummondville, Sher- 
brooke, Ste. Hyacinthe, etc. 

Possibly one of the most celebrated 
networks was organized by the late Sir 
Adam Beck; this network being the 
Niagara system of The Hydro Electric 
Power Commission. Taking power 
from the Ontario Power Company at 
Niagara Falls a one hundred and ten 
thousand volt transmission line was ex- 
tended to Dundas and then to Toronto, 
Guelph, London and a number of other 
cities in southwestern Ontario. Many 
of us well remember the first Sunday 
in September, 1910, when power was 
first turned on to this system for test 
and later that fall for commercial ser- 
vice. In mentioning The Hydro Elec- 
tric Power Commission, it is impossible 
not to associate with it the name of Dr. 
F. A. Gaby. This Engineer gave richly 
of his experience, training and ability 
in the development of this now vast 
system. 

With the growth of the requirements 
of the Province, the meagre beginnings 
in 1910 were greatly. augmented about 
1917, when construction was started on 
the Chippawa-Queenston development 
where instead of just using the drop of 
the water at the falls alone, use was 
made of as much as possible of the 
drop from lake Erie to lake Ontario. 
The requirements for power at the 
head of lake Superior were the reason 
for the development of Nipigon power 
plant on the Nipigon river. More 
recently Chats Falls was built on the 
Ottawa river above the city of Ottawa 
and using that power and other power 
purchased from the Gatineau Power 
Company a transmission line at 220,000 
volts was built to the city of Toronto, 
reaching it at the town of Leaside 
where an extensive substation and dis- 


tribution centre was installed. In this 
way, from small beginnings, a_tre- 
mendous power organization to supply 
power to the Province of Ontario has 
been developed. 

On almost like scale, developments 
have been carried out in the other 
provinces. 

One comparatively recent extension 
of electrical service, is the extension 
of electrical service to the rural com- 
munities. Now on many farms in 
Canada, electrical service is almost 
taken for granted. Lighting, milking 
and many other services are carried 
out electrically. | 

This huge electrical utility is in the 
able. hands.of -Dr. “Tz Hs Hose™=as 
Chairman and Chief Engineer. Many 
of the power plants we have seen came 
under his supervision when he was 
Chief Hydraulic Engineer. He is now 
giving to the people of Canada the 
benefits of his international engineering 
experience and to the engineering pro- 
fession the guiding hand as President 
of the Engineering Institute of Canada. 

It would not be a true statement to 
say that all of this work has been car- 
ried out without setbacks, without vast 
problems to solve and particularly with- 
out trying to cope with the forces of 
nature. In 1909 a bad ice jam formed 
in the lower Niagara river, the water 
at the Ontario Power Company rose 
42 feet, entirely swamping the power 
plant. At this time, I was electrical 
superintendent of a consumer of the 
company. We had had certain short 
shutdowns prior to this and I remember 
well the morning, calling up the super- 
intendent of the Ontario Power Com- 
pany and asking him how long we 
would be off this time and receiving 
the advice that we would probably be 
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off six months. However, by making 
certain arrangements, they were able 
to supply power very much sooner than 
six months. In 1938 another ice jam 
formed in the river and again the 
Ontario Power Company was not only 
flooded out but the power house was 
jammed with ice and steam shovels had 
to be used to remove the ice from the 
power house. By the skill of local en- 
gineers, a method of vacuum drying was 
put into effect and it was possible to 
dry out the generators and put them 
back into service without rewinding, 
excepting in one case where the gen- 
erator was almost due for overhauling. 

In 1898 an extremely bad sleet storm 
hit Hamilton and Toronto, pulling 
down structures of the local utilities. 
Wires, poles and trees made a terrible 
Me-s on *themstreets. *'Ehis ‘type “of 
trouble has been taken care of to a 
certain extent by more solid construc- 
tion and tree trimming. However, at 
times snow piles up about 2 feet in 
diameter on some wires in rural dis- 
tricts, putting a tremendous load on 
the wires and at times, as in Toronto 
mano sleet is’ kine.) Web are valso 
subjected at times to bad wind storms 
or hurricanes coming through parts of 
Ontario and although towers of trans- 
mission lines are strongly built, yet at 
times they cannot withstand the pres- 
sure placed upon them. 

It is at these ‘times of trouble that 
the power organization is tried to its 
utmost; then it is that linemen, oper- 
ators and maintenance men show what 
they are made of, many times working 
for extremely long periods in the worst 
kind of weather, to try to restore ser- 
vice or to maintain services, which is 
the ideal of all electrical utilities. 

Mining operations in the Cobalt field 
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in 1907 required compressed air and 
it was not long before a power plant 
was in process of construction on the 
Montreal river and another on the 
Matabitchouan river. These plants 
were the starting of the system of the 
Northern Ontario Power Company, 
supplying power first to Cobalt, Hailey- 
bury and New Liskeard and later the 
gold mining camps of Timmins, Porcu- 
pine and Kirkland Lake. At a more 
recent date a large plant was built on 
the Quinze river in Quebec and fed into 
this system. This system was also ex- 
tended to supply power to the copper 
and gold mines of northern Quebec. 

One cannot think of the Northern 
Ontario Power Company without re- 
calling the great service of its creator 
the late J. Homer Black—telegraph 
operator, school teacher, railway super- 
intendent, power superintendent and 
executive. It will be a long time before 
the North will forget what it owes to 
this leader. 

The Hydro Electric Power Commis- 
sion purchased a plant that was being 
completed by the Abitibi Power and 
Paper Company, some 76 miles north 
of Cochrane at Abitibi Canyon, and 
transmitted this power over a high ten- 
sion transmission line to the city of 
Sudbury. Many other power develop- 
ments have been carried out in the far 
northern parts of Canada to supply the 
growing needs of these mining camps 
and cities. It is very interesting to 
view a more recent development in the 
building of transmission lines through 
the far north bush. 

For very obvious reasons I have not 
used maps and so have been prevented 
from showing the growth and complete- 
ness of the electric utility in Canada. I 
have also refrained for the same reasons 
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from giving a description of the devel- 
opments in the west and east maritime 
provinces of Canada. 

It could have been possible to show 
the development of a high standard of 
construction of the electrical plant in 
the cities of Canada, where some sub- 
stations look more like libraries and 
others like modern residences, except 
when one sees the back yard. 

It would not be fitting to close with- 
out mention of the admirable group of 
men and women who are the _ back- 
bone of the utility industry. You have 
seen the construction linemen at work 
and I can assure you that the operating 
lineman is a man, many times tried 
and never found wanting. The main- 
tenance men, operators, load despatch- 
ers and system supervisors and a host 
of others, are serving twenty-four hours 
a day and three hundred and sixty-five 
days a year. Many even eat their 
Christmas dinner on the job so that ser- 


vice will be maintained. Is it small 
wonder then that those of us who have 
lived our lives in utility work are proud 
of these men, of their esprit de corps 
and resourcefulness in emergency? 
Canada is rich in water power and 
this water power will no doubt be de- 
veloped so that cities may be served, 
the with 
power and the rural communities re- 


industrial plants supplied 
ceive many of their benefits from the 
use of electricity. All of these things, 
however, will come about by the lead- 
ership of engineers and utility execu- 
tives upon whose shoulders will be the 
responsibility of directing that host of 
linemen, operators, maintenance men, 
engineers, draftsmen and others who 
will make possible the application of 
the truths of science for the benefit of 
“May wisdom teach them 
what to do as cleverness has taught 
them how to do it.” 


mankind. 


Some Ups and Downs of Forty-Six 
Years 


By George D. Y. Leacock, President, Moloney Electric Company of 
Canada Limited, Toronto 


STARTED in the electrical busi- 
forty-six years ago this 

month, and therefore I will be 

celebrating my jubilee in four 
years—without the gold. As I look 
back over these forty-six years the time 
seems to have passed very quickly, in 
fact so quickly I have not had time 
to fix the switch for the cellar light. 
I started in the electrical business forty- 
six years ago when I first left school. 
Some of my friends say to me “You 


Ness 


must have been very young when you 
eraduated.” You will notice I did not 
say “graduated.” I said, “left school.” 

It would take too long to describe 
all the positions I have occupied in 
these years, because they were posi- 
tions on step-ladders, under beds, put- 
ting in base plugs, crawling in and 
out of boilers, and, in fact, almost every 
position that it is conceivable to get 
People often ask me how the 
cost of lighting compares with that of 


into. 
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earlier days, and seem to think it is 
much cheaper now. I can see very 
little difference. One could get fairly 
well “lit up” for twenty-five cents and 
stay in that condition pretty well all 
evening. I am often asked if we worked 
longer hours in the old days. All I 
can say is, that I am very glad they 
didn’t get around to inventing daylight 
saving until recent years. 


Semicon my friends. ask me if ‘I 
would advise them getting their boys in 


the electrical business, and my answer 
is always the same—‘“Let the boys find 
out for themselves.” It might take them 
a little time to make up their minds. 
In fact after forty-six years I am like 
a cat up a tree, wondering why I went 
up and if I can get down without help, 
but at least while I am up there people 
look up to me. 
for all engineers; the laymen really 
think we know something, and who 
can tell—maybe we do.—Electrical 
News and Engineering. 


And the same goes 
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Spectroscopic Analysis 


Use In Engineering Industries 


HE examination of steels and 

non-ferrous metals for impor- 

tant constituents present only 

in very small quantities is being 
carried out on an ever-widening scale 
by means of physical tests made with 
the spectroscope rather than by chemi- 
cal analysis. The rapid routine control 
of steels is an outstanding example; 
with the aid of a works instrument 
recently introduced the testing can be 
done with surprising speed by an intel- 
ligent but unskilled lad after only a 
few days’ practice. 

Different chemical burn 
with flames of different colours. Thus 
strontium burns with a bright red flame, 
copper with a green, sodium with .a 
vivid yellow flame, and so on. If these 
flames are visually examined after their 
light has been passed through a prism, 
the colours are seen to be due to bril- 
liant coloured lines which are really 
images of the slit of the instrument, 
through which the light is first passed. 
Each such coloured line is due to radia- 
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tions of light having different wave- 
lengths, the measurement of which— 
made with the spectroscope—gives an 
infallible clue to the identity of the 
substance. Metals which, like incan- 
descent steel, burn “white” have a very 
complex spectrum, but nevertheless 
contain coloured lines which can be 
quickly identified with a modern instru- 
ment. 

Hence it is not difficult to understand 
that such a chemical “stethoscope’’ is 
finding general adoption in engineering 
and metallurgical fields, especially as 
great improvements in construction and 
design during the last few years have 
made available works instruments 
which are portable and simple to use, 
and give a high order of accuracy in 


both qualitative and quantitative work. 


Accuracy ATTAINABLE 
It was stated recently at the Insti- 
tute of Metals by F. Twyman, F.R.S., 
that the consistency of spectro-chemical . 
analysis of non-ferrous alloys is from 


368 


HE BUCCE nN 


(HUT THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO THIINIUUIIIHIIUTTTTID 


2,5 told Di per cents in. the spercentage 
of minor constituents, according to the 
nature of the alloy. In the case of 
steels, it is possible within a minute or 
so of obtaining the sample to discrimin- 
ate between two steels containing only 
0.24 and 0.19 per cent of vanadium. 
Rough quantitative measurements of 
manganese in steel between 0.6 and 1.4 
per cent, and the estimation of the 
manganese in sample in less than one 
minute with an accuracy sufficient for 
prescribing the most suitable heat treat- 
ment, are other examples of the capa- 
bilities of the spectroscope. ‘The exten- 
sive applications which are being made 
at the present time are quite remark- 
able, the accuracy of spectrochemical 
analysis having increased by some four 
times during the last five years. 

In the Spekker Steeloscope, a work- 
shop spectroscope designed for the 
rapid estimation of nickel and other 
metals in steel and for sorting and 
checking steel stores generally, a small 
piece of the alloy to be tested is used 
as the negative pole of an electric arc. 
The light from the arc is spread out by 


prisms within the instrument and _ is 


seen in the eye-piece as a series of col- 
oured lines. If the presence of molyb- 
denum, for example, is being looked 
for, a slide on the eye-piece is moved 
along until it clicks into a position 
marked for this metal, when one of its 
distinctive lines will be seen in the 
middle of the field. The quantity pres- 
ent in the steel is gauged by the bright- 
ness of the coloured lines as compared 
with neighbouring lines due to the iron; 
by comparison with standard samples 
the amount can be estimated very 
quickly. A somewhat similar instru- 
ment will reveal as little as 0.1 per 
cent of lead or iron in brass scrap. 
In a communication from the Spec- 
trographical Section of the Naval Ord- 
nance Inspection Laboratory, Sheffield, 
to the Iron and Steel Institute it has 
been stated by F. G. Barker that several 
samples of brass are often received to- 
gether for complete analysis to a speci- 
fication which limits the impurities to: 
very small amounts. Whereas the 
chemical analysis of a batch of a dozen 
samples would occupy one man about 
a week, the spectroscopic method 
enables the work to be done within 
three hours.—T rade and Engineering. 
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Daylight Saving Time 


ANY municipalities of On- 
tario are loyally complying 
with the Power Control- 
ler’s order and remaining 

on daylight-saving time this year in 
order to make their contribution to 
saving power for the war effort. Citi- 
zens who like the extra hour in bed in 
the morning are finding it unpleasant 
of course to get up in what appears 
like the ‘wee sma’ hours”. However 
a better understanding of the facts 
respecting daylight-saving and standard 
time should enable us to take at least 
a more philosophical attitude. 

Those who argue in favour of stan- 
dard time and are opposed to the use 
of daylight-saving appear to 
assume, though they may not express 
it, that standard time has been divinely 
appointed and that any interference, 
therefore, constitutes an affront to an 
They evidently 
do not recognize the fact that the stan- 
dard time system is itself a man-made 
convention, developed and introduced 
by Sir Sanford Fleming, who also sug- 
gested the arrangement of time zones 
that has since been adopted by the 
various countries of the world. In 


time 


all-wise Providence. 


DECEMBER. 1941 


Canada there are six of these time 
zones known respectively from east to 
Atlantic, Eastern, Central, 

Pacific and Yukon, and 
these divisions have been made entirely 
for the purpose of convenience in 
measuring and comparing time. 

The earth turns through a complete 
revolution from midnight to midnight 


west as 
Mountain, 


in twenty-four hours, i.e. 15 degrees 
per hour. The whole surface of the 
earth is marked off by imaginary lines 
known as meridians, running from pole 
to pole and spaced one degree apart. 
The through the 
borough of Greenwich in England is 
called the zero meridian, and the other 
lines are known by the number of 
degrees that they are from this base 
line up to 180 degrees east or west of 
Greenwich. The measurement of the 
position of any place by meridians is 


line which runs 


known as longitude. 

To have every time zone just one 
hour later than the one preceding it 
would require that these zones each 
be exactly 15 degrees wide. It has 
been found advisable, however, to vary 
the boundaries of some of these zones 
so as to include certain towns or cities 
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The purpose of the Bulletin is to 
furnish information regarding the 
Hydro-Electric Power Commission; 
to provide a medium for the discussion 
of “Hydro” matters and to maintain 
the co-operative spirit between muni- 
cipalities, as well as between muni- 
cipalities and the Commission. Articles 
of interest are invited for publication. 


or certain islands as a matter of con- 
venience. 

As the earth revolves the sun sets 
four minutes later for each degree of 
longitude. The province of Ontario 
extends from about longitude 74°-20’ 
to 95°-10’ West, or nearly 21 degrees, 
giving a range of time of sunset of 
about 84 minutes. 

Eastern standard time is based on 
the 75th meridian, five hours later 
than Greenwich, and this zone nor- 
mally should extend from 67°-30’ to 


one hour. 


82°-30’. 
however, Eastern standard time is ex- 
tended from the 68th nearly to the 
90th meridian, and therefore is used in 
Windsor, Sault Ste. Marie, Port Arthur 
and a large part of Northern Ontario, 
which would not normally be included 
in this zone. From the eastern boun- 
dary of Ontario to Port Arthur the 
difference in time of sunset is about 


By the adopted convention, 


As contrasted with com- 
munities in the extreme east of Ontario 
or the city of Montreal, the city of 
Port Arthur, therefore, enjoys, even 
under standard time, an extra hour of 
daylight in the evening. 


The inclination of the earth’s axis 
is the cause of wide variation in the 
proportion of day and night during 
the year, giving in high latitudes long 
summer days and long winter nights 
This is the chief factor in the length 
of daylight in different places. It thus 
makes daylight-saving in higher lati- 
tudes more necessary in the winter in 
so far as overlapping of evening elec- 
tric power loads is concerned. 


Other factors entering into the prob- 
lem result from the elliptical shape 
of the earth’s orbit and a two-cycle- 
per-year variation in the sun’s crossing 
of the meridian due to the inclination 
of the earth’s axis to the plane of its 
orbit. The net effect of these factors 
is to delay both sunrise and sunset 
during winter months, but only for a 
few minutes at most. 


The central reference point for the 
city of Toronto is the meteorological 
observatory on Bloor street with lati- 
tude 43°-40’ North, and longitude 70°- 
24” West. In Toronto the winter 
mornings continue to darken until 
about January 6th, but the evenings 
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begin to lengthen about December 
12th.* These conditions would be dif- 
ferent for other municipalities. The 
fact that Toronto lies several degrees 
west of the standard 75th meridian, 
delays the time of sunrise and sunset 
about seventeen and one-half minutes 
as compared with the time these events 
take place at the same latitude on the 
standard meridian. 

Now with regard to the effect on 
the power demand of the extension of 
daylight-saving time ordered by the 
Dominion Power Controller, a saving 
For the 
individual municipality the result of 
the extension of daylight-saving to the 
winter months is to minimize the over- 
lapping of the domestic and commer- 
cial lighting demands with the indus- 


is effected in two main ways. 


trial power loads. In most munici- 
palities, especially those having a large 
industrial demand, the overlapping of 
these loads on dull days during the 
early part of December creates the 
peak load for the year, for which gen- 
erator and transformer capacity must 
be provided and the purchase, installa- 
tion and maintenance of the necessary 
equipment paid for in the power bills. 

In addition to the reduction in de- 
mand secured by avoiding overlapping 
which would, of course, result if all 
municipalities were on daylight-saving 
time, a further reduction in the com- 


*See curves of Sunrise and Sunset at Toronto in 
The Bulletin, October, 1941, p. 320. 
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bined demand of the municipalities 
can be obtained by diversifying the 
time at which the peak occurs in dif- 
ferent municipalities. This increased 
system diversity, which results in low- 
ering the aggregate peak, can be secured 
if certain municipalities are on day- 
light-saving time while others remain 
on standard Municipalities 
which retain daylight-saving time for 
the winter benefit by a reduction of 
their peak load on which their power 
bills are based. All municipalities bene- 
fit by the reduction in system costs 
resulting from the improved diversity 
and lessened system peaks. Careful 
estimates indicate that the saving in 
ageregate peak loads during last win- 
ter amounted for the southern Ontario 
systems to about 75,000 horsepower. 
This was put to use and became a 
valuable contribution to Ontario’s war 
effort. | 

_ Due to ever increasing demands of 
power for war purposes it may be nec- 
essary to impose further restrictions 
upon the use of electricity. Hearty co- 
operation of citizens in daylight-saving 
regulations and consistent avoidance of 
wasteful and extravagant use, especially 
during the late afternoon and early 
evening hours of the months from No- 
vember to February, will ease the situa- 
tion and may postpone the imposition 
of more troublesome regulations res- 
pecting the use of electricity such as 
were adopted during the last war. 


time. 
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Luminaires 
By H. F. Davidson, Testing Engineer, H.E.P.C. of Ontario 


HE need for improvement in 
artificial lighting at the pres- 
ent time is so widespread even 
in recently built buildings that 
it points to the necessity of a more 
scientific approach to the lighting prob- 
lem: Phe luminaire 1s *the stool! by 
which the illuminating engineer con- 
verts the raw material, light, into the 
finished product, illumination. It is 
only by the selection of the most suit- 
able type of fixture and the proper 
application that satisfactory iullumina- 
tion can be provided. The object of 
this article is to give the layman a 
better understanding of the types of 
lighting fixtures in use to-day and 
what can be expected from them. 


THE PurRPOSE OF LUMINAIRES 


By definition, ““A luminaire is a com- 
plete lighting unit consisting of a light 
source, together with its direct appur- 
tenances, such as globe, reflector, re- 
fractor, housing and such support as is 
integral with the housing.”* 

Light is emitted in all directions 
from a bare lamp. This type of dis- 
tribution is not desirable or economical 
for ordinary applications hence the use 
of luminaires to control the light. The 
control of the light from the bare lamp 
includes not only the control of the 
direction or distribution but also the 
control of brightness and colour. Some 
decorative value is often advisable, the 
amount depending on the particular 
ithe 


however, for other than purely decor- 


application. major function, 


ative luminaires, is to fulfil the require- 


illluminating Engineering 36, No. 8, p. 832, Sep- 
tember, 1941. 


ments of the eyes for reasonable ease 
of seeing. 


TypES OF LUMINAIRES 

There are, in general, four types of 
luminaires classed according to the 
manner in which the light is distributed. 

LeDirect 

2. Semi-direct 

3. Semi-indirect 

4. Indirect. 


The design and appearance of lu- 
minaires and their installation details 
may vary considerably but the basic 
method of distribution corresponds to 
one of the above types. A lighting 
system may be composed of a com- 
bination of more than one type of 
luminaire for example, a store may 
have indirect luminaires to provide 
general illumination and direct lumin- 
aires recessed in the ceiling over the 
display counters to provide high level 
illumination for the merchandise. 

The quality of the lighting is gov- 
erned to a large extent by the type of 
luminaire employed. The quality of the 
lighting refers to the freedom from 
glare, freedom from sharp shadows, 
the distribution and diffusion of the 
light and the colour. The quantity 
of the light refers to the amount of 
(foot candles) on the 
working plane. Both the quality and 
quantity of the light are important 
where comfortable conditions are to 
be provided. 


Ulumination 


Direct LicHTinc LUMINAIRES 

Direct lighting luminaires distribute 
90 to 100 per cent of the light output 
in angles below the horizontal. Typical 
examples of direct lighting luminaires 
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Fig. 1—Typical Direct Luminaires. 
(a) High-bay luminaires. 

(b) Distributing luminaires. 

(c) Large area diffusing luminaires. 
(d) Recessed luminaires. 
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are shown in Fig. 1. Practically all 
industrial lighting is provided by the 
direct type of luminaire. These may 
be concentrating, distributing or large 
area diffusing reflectors depending on 
the manner in which the light is dis- 


tributed by the reflector. 


Concentrating or high-bay reflectors 
are used for high mounting heights. 
The reflecting surface is highly polished 
to give accurate control without dif- 
fusion. The reflectors most commonly 
used have reflecting surfaces of mir- 
rored or prismatic glass or polished 
metal. 


Distributing reflectors are used for 
average mounting heights of the order 
of 10 feet. The mounting height is 
the distance from the floor to the plane 
of the lamp filament. The R.L.M. 
dome, prismatic glass and glassteel dif- 
fuser are the most common reflectors 
in this group. The R.L.M. dome and 
glassteel diffuser have reflecting sur- 
faces of porcelain enamel. Deep bowl 
reflectors are also used, the most com- 
mon being porcelain enamelled steel, 
polished metal, prismatic and mirrored 
glass. 


Large area diffusing luminaires 
usually take the form of a metal canopy 
with or without a diffusing glass bot- 
tom. ‘They provide high illumination 
over tables or benches without, the high 
source brightness of smaller luminaires. 
This makes them suitable for use where 
the surface of the work is more or less 
specular and would cause reflected glare 
if high brightness reflectors were em- 
ployed. 

Direct luminaires also find many ap- 
plications in commercial lighting where 
the high utilization is used to provide 
high level illumination economically. 


They are known as “downlights” and 
usually consist of a reflector in a hous- 
ing recessed in or mounted on the 
ceiling over the area to be lighted. 
Where there is likely to be high bright- 
ness in the field of view the downlights 
are equipped with louvers. With the 
advent of fluorescent lamps there have 
been many installations where the lu- 
minaires are recessed in the ceiling in 
rows called ‘“‘troffers’. The lamps are 
shielded with louvers or diffusing media 
to prevent uncomfortable brightness in 
the field of view. Flourescent lamp 
troffers are suitable for office as well 
as commercial lighting as they cover a 
much larger area of the ceiling and 
therefore provide more diffuse illumin- 
ation than tungsten lamp ‘‘downlights”’. 


SEMI-DirEcT LUMINAIRES 


Luminaires which distribute 60 to 
90 per cent of their light output in 
angles below the horizontal are called 
semi-direct. Semi-direct luminaires for 
use with incandescent lamps are almost 
entirely of the totally enclosing type 
made of white diffusing glass or pris- 
matic glass. Luminaires of this type 
for use with the flourescent lamps are 
made entirely of metal or combinations 
of metal and glass or metal and plastics. 
Typical examples of semi-direct light- 


ing luminaires are shown in Fig. 2. 


Semi-direct luminaires are suitable 
for small stores, corridors, washrooms, 
etc., where the degree of refinement 
is not important and where there is no 
critical seeing to be done for long 
periods of time. ‘This type of lumin- 
aire is sometimes used for office and 
schoolroom lighting where the capacity 
of the wiring or other limiting consid- 
erations call for a high efficiency at 
the expense of eye comfort. When 
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ness of the visible parts to 2! candles 


used in offices and school classrooms 


the diameter of the glassware should 
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Fig. 


per square inch or 1130 foot-lam- 


berts. 
SEMI-INDIRECT LUMINAIRES 


Luminaires falling in this classifica- 
tion direct 60 to 90 per cent of their 
light output above the horizontal. They 
are either of the open or totally en- 
closed types made of glass, plastic or 
combinations of glass or plastic with 
metal. Typical examples of semi-in- 
direct luminaires are shown in Fig. 3. 

The ceiling colour is important where 
semi-indirect lighting is employed and 
should have a high reflection factor. 


INDIRECT LUMINAIRES 


Indirect luminaires distribute 90 to 
100 per cent of the light above the 
horizontal. Practically all of the light 
is directed to the ceiling and upper 
walls from which it is reflected to all 
parts of the room. Fig. 4 illustrates 
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3 


some of the indirect luminaires in use 
at present. ‘These luminaires are often 
further described as being “opaque” or 
‘luminous’. 

The “opaque indirect” are those hav- 
ing metal bowls or bodies which con- 
ceal the light source. The metal body 
may contain a mirrored glass reflector 
or the metal itself may be used as a 
reflector. “Luminous indirect” are 
made of dense glass or plastic or com- 
binations of glass or plastic with metal. 
As indicated by their names these lu- 
minaires appear luminous when in use 
due to the downward distribution of not 
more than 10 per cent of the light. Well 
designed indirect luminaires have eff- 
ciences of 75 per cent or better. 

With indirect lighting the ceiling be- 
comes the light source providing light 
from all directions on the working plane 


which makes the shadows soft and con- 
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siderably reduces the possibility of 1s important in the efficient utilization 
direct or reflected glare. The ceiling of the light and should have a high 
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reflection factor. Flat white paints are 
preferred with reflection factors in the 
neighbourhood of 85 per cent or flat 
ivory paints with reflection factors in 
the neighbourhood of 75 per cent. 

Indirect and semi-indirect luminaires 
require larger lamps than semi-direct 
luminaires to provide the same quan- 
tity of light on the working plane. 
However, the quality of the lighting 
is very important for such locations as 
offices and schoolrooms in order to pro- 
vide comfortable seeing conditions and 
for this reason indirect lighting is to 
be preterred. 


IN THE SELECTION OF 
LUMINAIRES 


FACTORS 


The selection of luminaires for any 
particular application is important and 
the illuminating engineer takes many 
factors into account such as 

Will the desired illumination be pro- 
vided? 

Efficiency of the luminaire. 

Brightness and brightness contrasts. 

Reflected glare and harsh shadows. 

Appearance, lighted and unlighted. 

Flexibility. 

Maintenance. 

Mechanical and electrical construc- 
tion. 

The desired level of illumination for 
any seeing task is usually a compro- 
mise between what researches have 
shown to be beneficial and what is 
economically justified. The iluminat- 
ing engineer is guided chiefly by tables 
of recommended foot-candles, for vari- 
ous locations, issued from time to time 
by the Illuminating Engineering So- 
ciety. The illumination should be rea- 
sonably uniform which depends usually 
on the distribution of light from the 


luminaire and the distance between 


luminaires. Special consideration is 
required where illumination is required 
on the vertical as well as the horizontal 


plane. 


The efficiency of a luminaire is the 
percentage of the light output of the 
bare lamp that is emitted by the lumin- 
aire. In commercial and _ industria! 
lighting applications the illuminating 
engineer strives to provide a reasonable 
amount of light at the working plane 
as economically as possible. It is evi- 
dent therefore that the efficiency should 
be one of the deciding factors in the 
selection of the luminaire. 


With the advent of larger lamps and 
higher levels of illumination, brightness 
and brightness contrast have become 
very important. The brightness of ob- 
jects is measured in candles per square 
inch or foot-lamberts. The brightness 
of objects in the field of view deter- 
mines whether or not the lighting is 
going to be comfortable. For this rea- 
son photometric tests of commercial 
lighting equipment include results of 
brightness measurements made at sev- 
eral locations and angles of view. The 
colour of the ceiling and walls and the 
size and shape of the room should also 
be. considered.” “in. order tos preven, 
brightness ratios greater than 10 to 1 
in the normal field of view. 


Reflected glare refers to the images 
of light sources or bright objects on 
the glossy surfaces of desks or other 
equipment and which are very annoy- 
ing. Reflected glare reduces the effec- 
tive illumination and causes eye-strain 
and should therefore be avoided. 

The flexibility of a lighting system 
refers to its suitability for further in- 
creases in illumination or refinement. 
In some cases it costs very little more 
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to select luminaires that can accom- 
-modate a larger lamp than may be 
installed in the original installation. 
This also requires that the circuit wir- 
ing have adequate capacity for future 
load increases. In the case of fluores- 
cent lamps the different wattages have 
different physical dimensions and it is 
therefore important that the original 
installation of a fluorescent lighting 
system provide adequate illumination 
in order to prevent costly changes. 


A reduction of 30 per cent in light 
output of luminaires due to a few 


months’ accumulation of dust and dirt 
is quite common. A reasonable effi- 
ciency can be maintained only by regu- 
lar cleaning of the luminaires. It is 
not sufficient to wipe them off with a 
damp cloth, they should be removed 
and washed with soap and water or 
other cleaning solution. It is impor- 
tant that the luminaires selected must 
lend themselves to easy maintenance. 

The author wishes to express his 
appreciation to the Lighting Service 
Section of The Hydro-Electric Power 
Commission for providing most of the 
illustrations. 


Replacement of Pole 


44 kv. Transmission Line, Patricia District, 
Northern Ontario Properties 


By H. R. Graham, Assistant to System Operating Engineer, 
H.E.P.C. of Ontario 


URING a patrol of the 85 
mile 44 kv. wood pole trans- 
mission line between Ear 
Falls generating station and 

the town of Sioux Lookout, one pole 
was found badly damaged by lightning 
to the extent that early replacement 
was considered advisable. This pole 
was located about 30 miles from Ear 
Falls in the midst of virgin forest and 
was rather inaccessible. In view of the 
isolated location, and the limited staff 
available, replacement presented a 
problem, but once again the ingenuity 
of Hydro patrolmen in the northern 
bush country arose to the occasion. 
The woods adjacent to the weakened 
pole were searched but not a tree could 
be found from which a suitable pole 
could be cut. There was a spare pole 
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stored on the line right-of-way, but 
this was three miles away. ‘This was 
a 45-foot native spruce pole weighing 
approximately 1100 pounds. The next 
question was how to move this pole to 
the point where it was required. It 
was considered this could best be ac- 
complished with the Caterpillar tractor 
and wagon from Ear Falls generating 
station. Accordingly these were loaded 
on a 15-ton scow secured from the 
Patricia Transportation Company. The 
scow was towed 35 miles up Lac Seul 
into Williams bay, thence up Williams 
river, about six miles, to the lower end 
of Williams lake. There the tractor 
and wagon were unloaded and run 
into Thaddeus overnight camp on the 
line right-of-way. 

The scow was 48 feet long by 11 
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Map of part of Lac Seul showing route followed by repair crew. 


feet wide. Down Lac Seul it was 
towed along side our Steelcraft motor 
boat “H.E.P.C. 2” but on the Williams 
river a tow line was used. For 1% 
miles the Williams river is but a nar- 
row creek and in this section it was 


necessary to pole the scow and the 
“H.E.P.C. 2” in order to navigate 
around the sharp bends. Along the 
remainder of the Williams river, the 
scow with the “H.E.P.C. 2” tied be- 
hind was towed in by means of the 


VOL. gXX Vilicw NG an 


THE BULLETIN 


381 


SUODTENTN ENE THE HYyYORO-ELECTRIC POWER COMMISSION OF ONTARIO MIININIINIIIIIINIIINIIIIIItin 


canoe and outboard motor. It was 
considered inadvisable to operate the 
“H.E.P.C. 2” under power because of 
stumps and fallen trees in the river. It 
might be pointed out that the level of 
Lac Seul has been raised about 12 feet 
in the past eleven years and the shore- 
line, all the way to Williams lake is 
not clear of navigation difficulties. 
The spare pole was hauled three 
miles north along the right-of-way to 
the damaged pole. In hauling, the 
butt of the pole was fastened on top 
of the rear axle of the wagon and the 
top end dragged along the ground. 
There were many stumps in the tote- 
road along the right-of-way. The trac- 
tors used during construction appar- 
ently had greater ground clearance and 
a wider track gauge than our smaller 
tractor. This meant that one track of 
our tractor ran in a rut and the other 
over the tops of the stumps. In some 
places the corduroy on the road was 
Between the land- 
ing at Williams lake and the line right- 
of-way, 150 feet of road had to be 
built around a swamp. This was done 
by constructing a new corduroy road 
and running the tractor over it. For- 
tunately there were no bad hills on 


floating in water. 


this section of the right-of-way. 
The damaged pole was not used in 
connection with the raising of the new 


Ear Falls for 41% days. 


pole, because of its unsafe condition. 
The rock was removed from the crib 
and the hole beside the old pole en- 
larged down the rock, three feet below 
ground level. The butt of the new 
pole was placed on the side of the crib 
and the top raised by hand until it 
was about 20 feet from the ground. 
The tractor Was then used to raise the 
pole to the vertical position. A rope 
was attached directly from the tractor 
to the pole, without using a gin pole. 
Side movement of the new pole during 
erection was prevented by the use of 
temporary guy lines. After the new 
pole was guyed in a vertical position, 
the old pole was stripped of cross arms, 
etc., all work being done from the new 
pole. ‘The old pole was then jacked 
out and the crib refilled. The work 
permit for the replacement of the pole 
was in force one hour and _ twenty 
minutes. 

The outgoing trip from Ear Falls to 
the damaged pole was accomplished in 
29 hours with a seven hour tie-up 
overnight. ‘The return journey from 
Thaddeus Camp to Ear Falls was made 
in about 16 hours. The four men tak- 
ing care of this work were away from 
Sufficient food 
for this period had to be taken along 
and the men cooked their own meals 
enroute. 
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Fundamental Problems of Energy 
By Dr. Herbert Chatley 


PEAKING broadly, all the 

sources of power available to 

man derive directly or indirectly 

from the sun. Solar energy is prin- 
cipally received as radiation, amount- 
ing to two calories per sq. cm. per 
minute when the sun is overhead and 
the air is fully transparent. This is 
equivalent to about 1% kw. per sq. 
m., but, owing to clouds, absorption in 
the atmosphere, departure of the sun 
from the zenith and the absence of 
the sun during the night, the mean 
effect is rarely more than one-quarter 
of this. Most of the energy .is con- 
verted into the latent heat of water 
vapour, the warming of the soil, or the 
expansion or kinetic energy of the air 
and is ultimately lost again by the 
earth’s radiation into space, the aver- 
age temperature of the earth’s surface 
remaining at a practically constant 
value determined by a nice balance be- 
tween this incoming radiation from the 
sun and the equal but opposite radia- 
tion from the earth. There is, how- 
ever, some storage of energy in or- 
ganic materials, elevated water, and a 
very few mineral forms which, in fact, 
form our principal and_ definitely 
limited resources. 

It may be computed that each sq. 
cm. of the sun’s surface is pouring 
forth 6.24 x 10*° ergs per sec., or about 
6 kw. The temperature there is of the 
order of 6,000 deg. C. and there is 
reason to think that this process has 
been going on for something like 10,000 


million years. The actual output per 


From Chairman’s address to the Junior Institu- 
tion of Engineers, December, 19 


gram per second is, contrary to popular 
belief, very small—only some 2 ergs. 
Small as this is, continued for this 
prodigious number of years, it totals 
to some 10,000 kw-hr. per gram, as 
compared with about 0.002 kw-hr. per 
gram for very active combinations of 
chemicals. Thus, the average substance 
of the sun has a total energy produc- 
tion some millions of times greater than 
that of earthly fuel combinations, but 
its activity (power rate) is extremely 
small. It seems probable that a central 
temperature of the order of 20,000,000 
deg. C. is consistent with a gradual 
of hydrogen into 
helium, carbon acting as a kind of 
catalyst, the radiation deriving from a 
small loss of mass in the hydrogen. In 
stars other than the sun there are some 
cases in which the rate of output is 
higher. The faint star known as 
HD1337A is reputed to have an out- 
put of 15,000 ergs per gram per second, 
but even this is extremely small com- 
pared with earthly fuels. 

Within the earth there are minute 
quantities of certain substances, par- 
ticularly the elements uranium and 
thorium, which are gradually trans- 
formed into simpler elements (prin- 
cipally lead). Of these, the interme- 
diate form—radium—is one of the most 
stable and gives off in the course of 
some 3,000 years much the same energy 
as the sun’s average material. The 
output per second is of the order of a 
million ergs per second per gram, but 
even so this is only about one ten- 
thousandth of a kilowatt per gram. 
Since a gram of carbon-oxygen mixture 


transformation 
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will produce about 2,000 calories of 
heat, equivalent to 80,000 million ergs, 
or about one 500th of a kw-hr., and 
can easily be burnt in, say, 36 seconds 
(one hundredth of an hour), it can 
produce as heat one-fifth of a kw., 
vastly exceeding the rate of output of 
the radium. Hence, even radium, were 
it to be obtainable in large quantities, 
would not be at all a convenient form 
of power, in spite of the fact that the 
power would last for thousands of 
years. 


While the cosmic ‘sources are pro- 
digious, they are very slow in action, 
and the chemical combinations on 
earth are capable of producing power 
Gieetar creater-rate per unit ‘mass. 
In ordinary fuels such as coal with 
comparatively small surface per unit 
mass, the contact with the air is limited 
With pow- 


and combustion is slow. 


dered fuels and a liberal air supply’ 


entering into the powder, combustion 
may be rapid, rising, in the case of 
fine coal-dust suspensions in air, to 
Similarly, if oxy- 
gen-producing chemicals are mixed 
with carbon dust, as in the case of 
black gunpowder, the activity is very 
high. With high explosive the com- 
minution is on a molecular scale, so 
that the combustion is only a matter 


explosive conditions. 


of atoms changing position in the indi- 
vidual molecules; hence, the essential 
feature is usually a nitrogen compound 
which readily changes with fulmina- 
tion (initial breaking down by another 
more unstable chemical change) or 
shock into a more stable form, often 
mainly simple nitrogen gas. The dif- 
ference between the energy of combin- 
ation of diatomic nitrogen and that of 
the original form is not often as high 
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as that of carbon or hydrogen with 
oxygen, but the surface over which the 
change can occur is so enormous that 
the process is almost instantaneous. If, 
for instance, the molecules of a high 
explosive are one ten-millionth of a 
centimetre in diameter, one cubic cen- 
timetre contains one thousand million 
million million molecules and the mu- 
tual surfaces of contact are of the order 
of ten million square centimetres or 
one thousand square metres. It is 
quite feasible for such materials to 
give off energy for a fraction of a 
second at a power rate of thousands 
of horse-power per pound. 


The natural storage of energy is 
either chemical or hydrostatic. In the 
case of coal or wood, solar radiation is 
stored in endothermic forms produced 
by the disintegration of carbon dioxide 
and water in plant life. Oil appears 
to have been largely due to animal 
(fish) life of former times and the for- 
mation of sulphur is an indirect pro- 
cess (possibly bacterial) which occurs 
in volcanic areas. As to hydrostatic 
storage, it need scarcely be remarked 
that this is due to solar radiation caus- 
ing evaporation. Radioactivity is in- 
finitesimally diffused, from an engin- 
eering aspect, and need not be con- 
sidered. Artificial storage may take 
many forms but, with the exception of 
reservoirs, all are very inefficient. 


The imports of mineral oil, some 11 
million tons annually, are paid for by 
coal-produced manufactures or indir- 
ectly by the actual export of coal, so 
that, contrary to the popular belief, 
they do not add to our power resources, 
but simply put some of them in a form 
which is more convenient for certain 
purposes. The actual quantity of coal 
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used for power purposes is something 
like 120 million tons per annum (about 
2 tons per acre of the whole island of 
Britain },.or, © say, .3--tons.=per. head. 
Whereas, in labour and transport, coal 
of fairly good quality in the neighbour- 
hood of London costs per ton the 
equivalent of about 48 hours in un- 
skilled wages, its labour product, even 
in rather low-efficiency steam plant, is 
some 400 horse-power hours or about 
4,000 man-power hours. In_ other 
words, even on a conservative reckon- 
ing, the power content of a ton of 
coal is some 80 times as great as the 
labour power required to win and 
carry it. Allowing as much as 100 
per cent on the latter for the mind- 
ing of the plant and the wear and 
tear on same, we still have a figure of 
40 times, which will be much increased 
with high-efficiency plant and cheap 
dust coal. This difference is the main 
factor in the benefits of industrial civil- 
It is the source of the high 
standard of living, the short hours, the 
social services, the dividends of share- 
holders, the political and military posi- 
tion of Britain and all the other things 
which we think are due to our own 


isation. 


cleverness. 


In terms of present labour costs, the 
true value of a ton of good coal is 
about £100, or, to go to the other 
extreme, the value of a week’s un- 
skilled routine work of 48 hours is only 
about ls., that being the present mar- 
ket price of the coal which will do the 
same amount of work. In modern 
factory design, it is well known that it 
will pay to invest about £500 in extra 
mechanical plant in order to save one 
workman. Since a perpetual annuity 


of about £20 a year can be bought 


with the same sum, and the coal re- 
quired to replace the man’s actual 
energy is less than 1 ton per annum, 
it is easy to see that practically the 
whole of the public service and the pro- 
fits arising from the factory system 
actually derive from the low price of 
coal. This leads to another conclusion 
which is not at all welcome to certain 
parties, namely, that the export of coal 
at the mere cost of winning and trans- 
port is ridiculous. For every ton of 
coal we export, we are giving away 
future productive power, and only in 
a few cases (as with the purchase of 
oil) do we get a partially equivalent 
return. 

Prior to the Nineteenth Century, the 
coal raised in England was very small 
in quantity, and was used practically 
entirely for domestic heating. The com- 
bined effect of technical developments 
and the machine factory was to raise 
the coal output during the century 
from a few million tons per annum to 
over 250 million tons in 1913, since 
which time it has remained at about 
that level. It is generally agreed that 
the present consumption can be main- 
tained for several hundred years. On 
the other hand, the average depth from 
which coal has to be raised is steadily 
increasing, and while the cost is some- 
what offset by the use of machinery 
for cutting, pumping, ventilating and 
hoisting, the difficulties of winning 
must increase with time. 


The use of water, wind or solar 
radiation are all bound up with the 
problem of capital investment per 
horsepower, and the small quantity of 
energy per pound of medium. The 
case of water-power is the most favour- 
able, but even here it must be re- 
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marked that a pound of water elevated 
to 778 ft. high has only an energy of 
WEB Ths ons6 “thateedisresarding, the 
efficiency of application, a pound of 
coal corresponds to an elevation of 
1,500 miles. One ton of coal, as heat, 
is equal to 1 kw. year. Hence, it 
follows that, to obtain large water- 
power, reservoirs need to be of great 
height and capacity with correspond- 
ingly large costs for construction. The 
whole water-power resources of Great 
Britain would not cope with more than 
a fraction of the present consumption 
in the iron trade alone, which now 
uses 25 million tons of coal per annum, 
equal to 30 million h.p. considered as 
heat. Water currents are even more 
handicapped than elevated water. A 
natural velocity of 32 ft. per second, 
which is quite unusual, only corres- 
ponds to a free fall of 16 ft., so that 
the quantities of water which have to 
be handled to obtain reasonable quan- 
Wind 
power is open to the same difficulty, 
the volumes to be handled being 800 
times greater than those of water for 
the same power. Differential heat 
effects, as between surface and bottom 


tities of power are prodigious. 


of sea water, or between ice and water, 
present some possibilities, but in all 
such cases the capital cost is very large. 
Solar radiation plant runs up against 
the same problem. The space required 
compels the plant per installed horse- 
power to be large, and, in many cases, 
it is as cheap to use the radiation for 
the production of fuel (wood or alco- 
hol) as to attempt to transform it 
directly into useful heat. One method 
that the author has toyed with is the 
use of thermo-electric couples placed 
in the focus of solar mirrors, but the 


- DECEMBER, 1941 


potential difference of each couple is so 
small that the internal electrical resis- 
tance of the whole apparatus is incon- 
veniently high. There are, of course, 
certain localities where these methods 
can be usefully employed for local pur- 
poses, and in the case of water-power 
there can be no denying its complete 
success 1n specific areas. 


Forestry and botanical studies have 
shown that some 2 ft. of rain per 
annum may be transpired by vegeta- 
tion, and that the quantity of dry mat- 
ter developed is about one-400th of 
the weight of the water transpired, or, 
say,0.> lb: per sq. ft. per annum, or 
about 6 tons per acre. The calorific 
value of such material is certainly less 
than half that of coal; this, then, means, 
say, 3 tons per acre per annum of coal 
equivalent. The total area of the vege- 
tation surface of the island of Great 
Britain is under 50 million acres, so 
that it appears that if the whole of 
the island were devoted to the pro- 
duction of fuel, the quantity would 
still be less than the present mining 
output. Since, in fact, something like 
one-half the actual area is devoted to 
crops and pasture, it would be quite 
difficult to produce on the remaining 
land more than 75 million tons, and 
the labour required would greatly ex- 
ceed that engaged in mining the pres- 
ent 250 million tons of coal. These 
figures throw a strong light on the 
vast scale of the present mining oper- 
ations. If a ton of solid coal occupies 
DORCUy It. othe. present mining. of 290 
million tons means the excavation of 
7,500. million «cu. ft. of coal). The 
enormous quantity involved checks ex- 
pansion, since it demands road and 
shipping services to correspond. If 


386 


THES SUEEETIN 


HMMM THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO IIIIIINIINIUINIIIIIIIIIMIII 


the total thickness of the coal beds 
averages 10 ft., this means that each 
year some 25 square miles of coal- 
field is exhausted. In 350 years’ time 
this equals 10 per cent of the whole 
area of the island. 

The higher calorific value of oil, the 
ease of its manipulation, the higher 
efficiency of the internal-combustion 
engine and the weight of boilers or gas 
producers has compelled those nations 
lacking internal oil supplies to con- 
sider seriously the production of liquid 
fuel from coal. The conversion of the 
major part of the coal into liquid fuel 
involves chemical processes which ab- 
sorb far more heat than is recoverable. 
Speaking broadly, it appears that about 
four times as much coal is required 
as is converted and the capital invest- 
ment is very large. This result seems 
practically inevitable and the only 
sound conclusion appears to be that 
low-temperature processes are prefer- 
able, although they involve the use of 
much larger quantities of coal to pro- 
duce the same quantity of oil, leaving 
the bulk of it in the. form of non- 
volatile fuel. The main difficulty ap- 
pears to be the enormous amount of 
carbonisation which is involved if ade- 
quate quantities of oil are to be ob- 


tained. It seems probable that the best 


Bee 
' 


course will be to use gas producers for 
as much as is possible of the land plant 
which is now operated by fuel oil, 
leaving the latter for marine and aerial 
use. 

Various attempts have been made to 
measure human power with that of 
machines, and the general conclusion 
is that for prolonged operations the 
output of a man is about one-tenth of 
a horsepower. For short periods, 
strong men can exert power nearly up 
to one horsepower or for moderate 
intervals, say, one-third of a_horse- 
power, but for steady work with aver- 
age men and normal tasks the first 
figure seems about right. The Taylor- 
Gilbreth system of “scientific manage- 
ment” and “motion study” has shown 
how far this output can be steadily 
kept, up, but.it-inay. be stated easne 
basic fact that, for repetitive operations 
carried out within a small space, or for 
pure transport, human labour is prac- 
tically valueless as compared with 
natural power. Strong exception is 
taken by many to this soulless depre- 
ciation of human labour, but this is to 
a great extent mere sentiment; the 
very people who argue so, use mech- 
anical substitutes for men all the time. 


—Engineering. 
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World’s Supply of Aluminum 


M. N. Hay, Works Manager, The Aluminum Company of Canada, 
Limited, Kingston, Ont. 


ETALLIC aluminum was 

first isolated in 1825 by the 

Danish chemist, 

when he obtained a few 
globules of “the metal of clay” by a 
chemical method. Its commercial pro- 
duction was commenced in 1856 by 
Deville in France, by a slow and ex- 
pensive method, the product costing 
about $90.00 a pound. One of the 
earliest commercial uses in a sizable 
quantity was the protective cap on the 
Statue of Liberty in New York har- 
bour. It is interesting to note that 
Napoleon III subsidized the industry 
at its birth, thinking it might be useful 
for warlike purposes. 

The process for recovering aluminum 
in use to-day, which inaugurated the 
industry’s rather spectacular rise, was 
discovered in 1886 simultaneously by 
Charles M. Hall in the United States 
and Paul L. Heroult in France, each 
working independently. They laid down 
the essentials for the electrolysis of 
alumina, namely the use of fused cryo- 
lite capable of taking alumina into 
solution and then decomposing this 
solution electrolytically to release the 
metal. It was the invention, between 
1870 and 1880, of the electric dynamo 
that made available the large amount 
of power necessary for the successful 
operation of this invention. 

Because of these huge power require- 
ments it is, therefore, natural to look 
for the development of the aluminum 
industry in those countries having po- 


From a Paper presented before the Kingston 
Branch of The Engineering Institute of Canada, on 
January 30th, 1941. 
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tential sources of electric power, such as 
Switzerland, Norway, the 
United States and Canada, where 
hydro-electric power is available, and 
Germany with her coalfields. 

For a clear understanding of the 
economics of aluminum production in 
the various producing countries, and 
the importance of aluminum as com- 
pared with other leading industrial non- 
ferrous metals, it is essential to realize 
the phenomenal expansion of produc- 
tion as shown by yearly world output 
figures. 

At first the output was very low. It 
is reported that in 1885 only a little 
over 15 tons were produced, but even 
this for such a new industry was quite 
an achievement. However, the rise 
was quite rapid and by the period of 
World War No. 1 annual production 
had increased to over 167,000 tons. 
After 1918 there was a slump followed 
by a rise, until in the boom years 
around 1929 an output of almost double 
the 1917 production was reached. Dur- 
ing the depression which followed, pro- 
duction was on the decline, but rose 
again from 1934 to 1939 when a new 
high of over 800,000 tons was reached. 
With the present expansion all over 
the world for war requirements, 1940 
and the next few years will prove the 
peak production years in the history of 
the industry. 


France, 


Copper, lead, zinc and aluminum are 
the four leading non-ferrous metals. 
Their production, considered on a 
weight basis, of course, features the 
heavier metals, but when considered 
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on a volume basis, copper, zinc and 
aluminum were practically equal in 


1938. In that year the amounts by 
volume and weight were as follows: 
Cu. yds. Short tons 
Cappers sas 288,000 2,165,585 
ZANE ee eee ee 284,000 1,710,000 
Ahuniinurisee se meceee 276,000 624,000 
Leader traet eek os 193 000M IES 297741 
Nickelenea usin ate 14,000 105,000 


Aluminum can be rolled, extruded, 
drawn, forged, pressed, spun and pow- 
dered or cast into sand, permanent 
mould or pressure die castings. With 
this range of properties and_ possible 
variety of products, it is no wonder 
that aluminum has come to hold such 
an important place in the industrial 
world. 

Of the three essentials for the pro- 
duction of aluminum one, as already 
pointed out, is abundant electrical en- 
ergy; the others are ample supplies of 
bauxite and coal. As will be shown 
later, good transportation for raw ma- 
terials is also an important factor. 

It is interesting to note that the 
principal items required to make one 
ton of aluminum are as follows: 


25,000 kw-hr. of electrical energy. 

4 tons of bauxite, 

4 tons of coal, 

1/3 ton of soda, 

3/4 ton of carbon electrodes, 

Small amounts of cryolite and fluor- 
ide salts. 


Bauxite, the principal commercial 
ore of aluminum, derived its name from 
Les Baux, a little town in southern 
France where the ore was first dis- 
covered in 1821. 
has been found in many localities 
throughout the world, chiefly in tropi- 
cal or semi-tropical countries. In baux- 


Since then bauxite 


ite the aluminum is present as an oxide 
associated with varying amounts of im- 
purities—iron, titanium 
oxides—free and combined water. Iron 
oxide, being red, colours the ore, and 
depending on the amount of iron pres- 
ent, ores from different localities vary 
from white, grey and pink to light 
brown and dark red. 

Following is a list of the principal 
countries producing bauxite, with their 
outputs for 1938: 


silicon and 


Short 
Tons 
Brance 23098 Ree 750,685 
Hungary ni eed a eee 594,000 
Surinam (Dutch Guiana) ...... 414,920 
BritishiGuiandes, atte 420,640 
Ltaly enh cee oe a eae 396,920 
UnitediStates senor 347,500 
Viurgoslavialieiat oe eae, 436,000 
URS Saari ee eee 275,000 
DutchiBastelndiesss ee: 269500 
Greece Re eee 197,875 
Misc._-Malay States 
India | 
Brazil sel hir. os yee 78,060 
Roumania 
Germany 
World* otal ase 4,181,100 


The initial processing of the bauxite 
ore is a chemical treatment in which, 
by the Bayer process, the ore is treated 
in a hot soda solution under pressure 
which separates the alumina (white, 
aluminum oxide) from the insoluble 
impurities commonly called red mud. 
It is in this part of the process that 
coal is required to provide the heat 
and steam pressure necessary to speed 
The alu- 
mina, thus separated, is dried and then 
charged into electric furnaces where it 
dissolves in the molten cryolite bath. 


up the chemical reaction. 
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The passage of an electric current 
through the bath reduces the aluminum 
oxide to metallic aluminum and oxy- 
gen. The metal, being heavier than 
the molten cryolite, sinks to the bot- 
tom of the furnace while the oxygen 
reacts with the carbon electrodes, form- 
ing carbon dioxide, and passes off as a 
gas. At periodic intervals the electric 
furnaces are tapped and the metal cast 
into pigs which are ready for remelting 
and alloying in the fabricating plants. 


Only a few of the principal bauxite 
producing countries have the necessary 
coal and electric power for converting 
the bauxite into aluminum and even 
in this limited group, insufficient baux- 
ite of the right grade, transportation 
problems between mines and power 
plants, or a lack of adequate electric 
power, all hinder the economical pro- 
duction of aluminum. There is, con- 
sequently, a very large international 
trade in bauxite. 

Following is a list of the principal 
aluminum producing countries of the 
world in order of their assumed 1940 
capacities. 


The yearly output figures of any one 
country do not necessarily give a true 
picture of the economics of the alum- 
inum industry in that country. This is © 
particularly true in the case of Ger- 
many, which at the present time leads 
the world in tonnage output despite the 
fact that it does not have available 
limitless supplies of the necessary raw 
Considering the tremendous 
increase in aircraft production in Ger- 
many, it is obvious that the Nazis have, 
regardless of cost, attempted to make 
themselves self-sufficient and have 
largely subsidized the industry in order 
to feed their vast war machine. It is 
interesting to note that since 1932, 
Germany’s aluminum production has 
shown an almost tenfold increase to 
the output of 1939 and this represents 
almost one quarter of the total world 
production. Italy, Russia, Japan and 
even Norway and Switzerland have 


materials. 


developed aluminum industries against 


“economic barriers, although Norway 


and Switzerland have some justification 
inasmuch as those countries 


natural hydro-electric facilities. 


possess 


1938 
(Short tons) 

Ceemianiyary ct meee as. icit estes 177,500 
LESS 1g WEA Be oe ee cee 143,200 
(CTA Ta Ey aR RM et cn 72,750 
LSC LISS ie LAS a yc Dei dD 48,300 
| DEEN GPO SIS Ni Sa RE a, RR 50,000 
| [IES A? oe aa ea eR 28,450 
INOKWay ae el Sadie ent see 18,730 
Mnniged@ioine dom. fess cevyeeakes 25,700 
FBR OR! eS eae aN  e 18,730 
SAI 120 WG 29,750 
Misc.—Hungary | 

Austria | 

Sweden fo ceeeereeceee 14,370 

Yugoslavia 

gS 
Spain 


Assumed 1940 Capacities 
(Short Tons) 


286,500 
290,000 
173,000 
66,200 
66,200 
44,100 
34.150 
33.100 
30,000 
97,550 


(300,000—1942) 


12,100 
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The ideal aluminum reduction plant 
would be one situated beside abundant 
bauxite deposits, adjacent to coal mines 
and with limitless cheap electric power 
readily available. The transportation 
of these raw materials, therefore, would 
not be a problem. Such an ideal loca- 
tion has not as yet been discovered 
although France nearly ap- 
proaches this condition. 


most 


In considering the economics of the 
aluminum industry, so many factors 
must be taken into consideration that 
definite rating of each country as to 
its suitability becomes almost impossible. 


POWER 


Hydro-electric power in the industrial 
east of Canada needs no explanation. 
Northern Ontario and Quebec abound 
with waterways—potential sources of 
great power developments. Likewise, 
Norway, Switzerland have hydro-elec- 
tric power in abundance. The United 
States is not so fortunate in that there 
is cheap power available only in New 
York State, the Southeast and the far 
West. France has good power devel- 
opments but as most of these are built 
at the foot of deep valleys, utilizing 
high water heads but small volumes, 
the power plants have been limited in 
size. Russia has large power units, the 
most famous of which is the Dniepros- 
troi development, but the difficulty with 
the power developments in Russia, a 
fact which also holds for many of the 
best developments in Norway and 
Switzerland, is that they do not have a 
water accumulation in lakes back of 
the power plant to ensure a uniform 
volume of power throughout the entire 
year. As a result many of the Russian 
plants for part of the year are actually 
short of power, whereas in Canada, 


with the great chain of lakes and rivers 
in the north and the abundant snowfall, 
storage basins are kept at practically a 
constant level throughout the entire 
year. Power in Italy and Japan is very 
costly but being subsidized by the gov- 
ernment, cost is a minor consideration. 
The situation in Germany is different 
because practically all of their electric 
power is produced from coal. ‘Thus 
it is not surprising to find that the 
German reduction plants have nearly 
all been built in districts where brown 
coalfields exist and under these condi- 
tions power is made almost as cheap as 
in the average hydro-electric plant. 


BAUXITE 


Of the important producing coun- 
tries, France is the only one which has 
within her own borders abundant sup- 
plies of good grade bauxite. In the 
United States good deposits exist in 
Arkansas, Alabama and Georgia, but 
these will by no means provide sufficient 
ore for the large American industry, 
and most of the bauxite used at present 
by the States is imported from Dutch 
Guiana. 

Germany, Russia and Italy have some 
deposits but they are mostly of an in- 
ferior grade. Germany and Italy de- 
pend largely on imports from the Bal- 
kan countries. 

All other producing countries are 
without deposits of their own and are 
wholly dependent on imports. 

Canada has to bring ore from distant 
British Guiana, but the quality of this 
ore is probably the best in the world. 
Transportation facilities by boat direct 
from the mines to the smelter are ideal, 
thus offsetting to a considerable degree 
the fact that we do not have any 
bauxite in our own country. 
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GOAL 


Canada, United States, Germany, 
France and the United Kingdom all 
have an abundant supply of coal. Rus- 
sia and Japan both have limited de- 
posits, while Italy, Norway and Switzer- 
land are largely dependent on imports. 


‘TRANSPORTATION 


Transportation—including necessary 
facilities for the handling of ore or raw 
materials—is a factor which cannot be 
rated with any certainty. Undoubtedly, 
France, with coal, bauxite, and power 
plants practically on the same property, 
has no transportation problem. Canada, 
Italy and the United Kingdom, im- 
porting as they do by sea, are in a 
more favourable situation than are most 
of the other countries. Norway and 
Japan, for instance, must haul by boat 
and then transport by rail considerable 
distances inland, greatly adding to the 
cost of transportation. The United 
States, while possessing a very efficient 
inland transportation system, has a 
necessity to make long haulages by rail 
as well as by boat in order to bring 
together all these raw materials from 
so many scattered sources of supply. 
In Germany they have a real problem, 
for practically all their ore has to come 
from the Balkan states by rail or river 
barge. Much of this traffic is on the 


Danube river, but because of the nar- 


rows at the Iron Gates, the boats and 
barges are small and shipping small ton- 
nage is costly. 

From this very cursory and general- 
ized survey of the aluminum industry 
it is apparent that Canada should 
rightly hold a foremost place among 
world producers. True, there have 
been difficulties to overcome. At the 
mines in British Guiana there have 
been housing and sanitation problems 
as well as the difficulties of operating in 
tropical countries far from sources of 
supplies and equipment repairs. Our 
long winters in northern Quebec neces- 
sitate accelerated imports during the 
navigation season to provide stocks of 
raw material for the winter months. 
This, in turn, has required huge stor- 
age sheds and exceptionally large dock 
facilities to accommodate these sup- 
plies. Few people realize that the 
aluminum industry in Canada has de- 
veloped and operated in Arvida the 
largest aluminum plant in the world, 
supplied by power from Isle Maligne, 
its own power-house, which is_ the 
third largest power-house in the world 
—560,000 h.p.—exceeded only by the 
American Boulder Dam and the Rus- 
sian Dnieprostroi developments. Port 
mifred the? fourth’s largest. port in 
Canada, also was built for the alum- 
inum industry’s immense boat traffic. 

—The Engineering Journal. 
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Fears and Favours 


HE London Advertiser of June 
6, 1908, carried an editorial 
from which the following is 
quoted. 

Has the Hon. Adam Beck become a 
mono-maniac on the power question? 
His wild and extravagant assertions 
have justified the suspicion were it not 
that they are timed and calculated for 
election purposes. 

In a flight of imayination during his 
speech the other evening he declared 
that every cottage, every house, every 
home in this City will be lighted by 
electricity. His power scheme would 
raise men’s wages, give two cent fares 
on the railroads, and banish the tene- 
ments from Ontario. The taxpayers, 
he went on, would not pay one cent 
of the cost which would be borne en- 
tirely by the consumers of power. 

His newspaper organ lets its fancy 
soar even higher and pictures the house- 
wife heating her flat irons by electricity 
—why not her curling tongs, too—in- 
stead of sweltering before a hot stove 
on a summer’s day. If all the Arabian 
Nights rhetoric of Mr. Beck and his 
organ is to be believed Niagara Power 
is a gift of the fairies to the humblest 
as free as air so that by and by the 
householder will merely have to touch 
the button and the Beck scheme will 
do the rest. 

There is little moral difference be- 
tween the absurd misrepresentations of 
Mr. Beck and the sort of appeal made 
by Gamey of Manitoulin, when he told 
the people of Temiskaming that the 
election of the Government candidate 
meant a larger expenditure in that rid- 
ing. There “is this difference sthat 
Gamey will be in a position to deliver 


the goods if the Government is re- 
turned to power while Mr. Beck will 
never be able to give effect to the 
reckless promises which he is dangling 
before the electors. He is giving them 
promissory notes which he will never 
be able to redeem. 

(In the same article the Advertiser 
foreshadows the cost of Niagara power 
in London at $56.03 per horsepower at 
a consumption of 2,200 h.p. or $44.62 
for 3,000 h.p., which is more than 
double the actual figures prevailing. It 
asks if any intelligent business man 
believes there is a market in London 
for 5,000 h.p.) 

Where, the question may be asked 
again, is a market for 5,000 h.p. to be 
found and, if a market for 5,000 h.p. 
cannot be found at once what will the 
predicament of the taxpayers be or the 
consumers of Niagara power? The less 
the quantity of power taken the higher 
must be the price, and, if a municipality 
can handle only 3,000 h.p. it must 
charge its customers at the rate of 
$44.62 per h.p. to make both ends 
meet. If it can handle only 2,250 h.p. 
it must charge $56.03 to clear itself, 
but how can it hope to create a market 
at such figures. 

The fact is that when the Hydro 
Electric contract is signed the rate- 
payers will be face to face with a 
probable increase in taxation of 2 or 3 
mills on the dollar to make good the 
difference between the credit and debit 
sides of the power ledger, until such 
time as there is sufficient market to 
enable the city to balance accounts. 
No one can foresee when that time can 
come. The whole thing is a gamble, 


a huge speculation. There is no ele- 
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ment of certainty except that the rate- 
_payers of London assume all risk. 
The foregoing editorial was written 
shortly after London and thirteen other 
municipalities had entered into the 
original agreement with The Hydro- 
Electric Power Commission. By that 
agreement London contracted for 5,000 
horsepower at an estimated cost of 
$23.50 per horsepower per year. The 
first delivery of power was taken in 
December, 1910, when the maximum 
load was 805 horsepower. In October, 
1914, London load exceeded the 
amount of the contract. The average 


monthly load recorded for 1940 was 
37,280.9 horsepower at a cost of $23.54 
per horsepower per year. For the fiscal 
year 1941 the average monthly load 
was 38,667.3 horsepower. Prior to 
Hydro domestic and commercial light- 
ing service was supplied at nine cents 
per plus twenty-five 
cents per month meter rental. In 1940 
the net cost per kilowatt-hour for do- 
mestic service was one cent and for 
commercial lighting service 1.2 cents. 
These statistics indicate that the fears 
expressed in the editorial have not 
materialized. 


kilowatt-hour 


Dr. J. S. Plaskett, C.B.E., F.R.S. 


R. John Stanley Plaskett, the 

distinguished Canadian as- 

tronomer, died at Victoria, 

British Columbia, on Octo- 
bers 1/.- The son of the late Joseph 
Plaskett, he was born near Woodstock, 
Ontario, on November 17, 1865, and 
educated at Woodstock High School. 
It is stated that, owing to the death 
of his father when he was 14 years of 
age, young Plaskett spent some years 
on the family farm. From his early 
years, however, he had shown an apti- 
tude for mathematics, and in 1885 was 
apprenticed with the Edison Electric 
Company at Schenectady. In 1889, he 
was given a position in the Canadian 
Edison Company at Sherbrook, but 
soon afterwards entered ‘Toronto Uni- 
versity as assistant in the Physics De- 
partment. He made the most of his 
opportunities and, in 1899, graduated 
B.A., with first-class honours in mathe- 
matics- and pliveies.. He: then . took 
up scientific photography and his work 
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in this sphere, combined with his ex- 
perience in engineering and also in 
spectroscopy, gained for him a posi- 
tion in the Astronomical Branch of the 
Canadian Department of the Interior, 
Ottawa, in 1903. The two following 
years were spent on the design and 
testing of the spectroscopic equipment 
for the 15-in. telescope which was being 
constructed for the Dominion Obser- 
vatory at Ottawa. In 1905, Dr. Plas- 
kett was given charge of the Canadian 
Eclipse Expedition to Labrador, and, 
in recognition of his services, was pro- 
moted to the position of astronomer of 
the Dominion Observatory at Ottawa 
on his return. 

In 1906, he designed a new spectro- 
scope for the determination of stellar 
radial velocities, and in 1909 made a 
series of observations for the spectro- 
scopic determination of solar rotation. 
It became evident that work was being 
hampered for the lack of a telescope 
larger than the 15-in. instrument at 
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Ottawa and mainly owing to Dr. Plas- 
kett’s efforts a 72-in. reflecting tele- 
scope was set up at the Dominion 
Astrophysical Observatory, Victoria, 
British Columbia, of which he was 
made director in 1917. He continued 
in this capacity until his retirement in 
1935, gaining an international reputa- 
tion for his work on the velocities and 
characteristics of the O-type stars, the 
dimensions of eclipsing variables, and 
other matters. These researches re- 
sulted in the discovery of a massive 
and bright star which was named the 
“Plaskett Star.” He was the recipient 
of many honours, among them being 
the honorary degree of D.Sc. of Pitts- 
burgh and Toronto Universities and 
that of LL.D. of the Universities of 
British Columbia; McGill, Montreal; 
and Queen’s, Kingston, Ontario. He 
was made a Fellow of the Royal Astro- 
nomical Society of Canada in 1907, a 
Fellow of the Royal Society of Canada 
in 1910, and a Fellow of the Royal 
Society in 1923. He was awarded the 
Rumford Premium of the American 
Academy of Arts and Sciences, the 
George Darwin Gold Medal of the 
Royal Astronomical Society in 1930, 
and the Bruce Medal of the Astro- 
nomical Society of the Pacific and the 
Flavelle Medal of the Royal Society 
of Canada in 1932. He was made a 
C.B.E. in 1935.—Engineering. 


E. J. Stapleton, Collingwood 
On Saturday, November 22, 1941, 
Edward J. Stapleton, former superin- 
tendent of the Collingwood Public 
Utilities Commission died suddenly in 
Collingwood aged 69 years. 

“Ed” was born in the village of 
Templemore, county of Tipperary, Ire- 
land, coming to Canada forty years 
ago. He first settled in Paris, Ontario 
where he remained for some years 
associated with the public utilities. 
Later he moved to St. Marys where he 
had charge of the municipal water and 
light plants. In 1911 he went to Col- 
lingwood as superintendent of the local 
utilities where he continued until 1936, 
directing the electric and water depart- 
ments. ‘To him Collingwood was his 
home, where he had many friends who 
knew him long and well. He was a 
director of the G. and M. Hospital for 
ten or more years, and also a trustee 
of the public library for a long period. 
At the time of his death he was serving 
on the separate school board. 

He was widely known and _ highly 
respected in Hydro circles. While with 
the Collingwood Commission he took 
an active interest in the Association of 
Municipal Electrical Utilities and 
served for a number of years on the 
executive. He was also active in the 
Georgian: Bay Municipal Electric 
Association, where he was also a mem- 
ber of the executive. 
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Convention Programmes 


HE Annual Meeting of the 

Ontario Municipal Electric 

Association and the Winter 

Convention of the Association 
of Municipal Electrical Utilities will be 
held at the Royal York Hotel, Toronto, 
on Tuesday and Wednesday, February 
10th and 11th, 1942. The programmes 
of the two associations in so far as 
arrangements have been completed are 
outlined in the following. 

There will be one joint session of the 
two associations on the afternoon of 
Tuesday, February 10th; each associa- 
tion will hold three separate sessions, 
namely, one on the morning of the first 
day and one each on the morning and 
afternoon of the second day. Conven- 
tion luncheons and dinner will be held 
jointly; on Wednesday, February 11th, 
the two associations will be the guests 
of the Electric Club of Toronto. 


%* * % * 


Electrical Employers 
Association Meeting 


The Electrical Employers Association 
of Ontario will hold a dinner meeting 
on the evening preceding the conven- 
tion, Monday, February 9th. This 
meeting will be at the Royal York 
Hotel, beginning at 6:00 pm. There 
will be short addresses on Accident 
Prevention and the work of the Elec- 
trical Employers Association, and also 
a general Round Table conference. 
Officers of the Electrical Employers 
Association for 1942 and also its Mana- 
ging Committee will be elected. 


oe ca 7 
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The programme of the Ontario 
Municipal Electric Association Annual 
Meeting, and also the session and other 
functions to be held jointly with the 
Association of Municipal Electrical 
Utilities will be as follows: 


Monday, February 9th. 


Evening at 6:30 o’clock. 


Executive Dinner, immediately fol- 
lowed by a meeting of the Execu- 
tive Committee. 


. Tuesday, February 10th. 


Morning. 
9:00 o’clock, Registration. 


10:00 o’clock, Convention Session. 


Minutes 

President’s Address 

Secretary’s and Executive’s 
Report 

Treasurer’s Report 

Resolutions. 


Afternoon. 


12:30 o’clock, Convention Lunch- 
eon, held jointly with the 
A.M.E.U. Address. 


2:30 o’clock, Convention Session 
held jointly with the A.M. 
Ea. woAddress 1) by ett bDr. 
Thomas H. Hogg, Chair- 
man and Chief Engineer, 
The Hydro-Electric Power 
Commission of Ontario. 
Discussion. 


6:30 o’clock, Convention Dinner 
with the A.M.E.U. Address. 
Musical Entertainment. 
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Wednesday, February 11th. 


Morning. 
72350 


o’clock, Convention Session. 
Reports of Committees 
Credentials 

Resolutions 

Finance 

Convention 

Election of Officers 
Unfinished Business 

New Business 

General Discussion 


Afternoon. 


12°30 


2750 


o’clock, Convention Lunch- 
eon. ‘The delegates will at- 
tend the weekly 
luncheon of the Electric 
Club of Toronto along with 
theyA MU Ume address. 


o'clock, Convention Session. 
District Reports and discus- 


regular 


sion on same. 

The new Executive Com- 
mittee meet 
diately following the close 


will imme- 


of this session. 


* * * * 


A.M.E.U. 


The Association of Municipal Elec- 
trical Utilities convention programme 


will follow 


the order outlined below. 


For such parts as will be held jointly 
with the Ontario Municipal Electric 


Association, 
O.M.E.A. programme 


the 


above. 


the reader is referred to 
outlined 


Tuesday, February 10th. 


Morning. 


10:30 


Registration. 
o'clock, Convention Session. 


President’s Address. 


Auditor’s Report. 

Reports of Committees. 
Paper, “Industrial Motor 
Efficiency” by W. R. Har- 
mer, Supervising Industrial 
Engineer, H.E.P.C. of On- 
tario, Toronto. 

Discussion. 


Afternoon. 


12-30 


2-00 


Evening. 


6:30 


o'clock, Convention Lun- 
cheon with the O.M.E.A.; 
see O.M.E.A. programme. 


o’clock, Convention Session. 
Election of Officers for 
1942. 
Joint 
O.M.E.A.; 


programme. 


Session with the 
see O.M.E.A. 


o’clock, Convention Dinner 
with the O.M.E.A.;_ see 
O.M.E.A. programme. 

Executive Committee Meet- 
ing. The newly elected off- 
cers will meet immediately 
after the Convention Din- 
ner for the purpose of plan- 
ning for 1942 activities. 


Wednesday, February 11th. 


Morning. 


8:00 


9:30 


o'clock, Breakfast Meeting 
and discussion conducted by 
the Committee on Account- 
ing and Office Administra- 
tion. 

o’clock, Convention Session. 
Moving Picture Film, “‘Col- 
lection of Delinquent Ser- 
vice. Bills?> by Hy more: 
Supervisor of Collections, 
Detroit Edison Company, 
Detroit, Mich. 


Discussion. 
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Addresses, “Problems Re- 
sulting from the War’ led 
by M. J. McHenry, Priori- 


ties Officer, H.E.P.C. of 
Ontario, Toronto. 
Discussion. 

Afternoon. 


12:30 o’clock, Convention Lunch- 
eon, with the O.M.E.A. and 
the Electric Club of Tor- 
onto; see ©-M:E.A, pro- 
eramme. 


2:30 o’clock, Convention Session. 
Papers, Eot- Line: Opera- 
tion” by H. J. Muehleman, 
Operating Engineer and E. 
R. Lawler, Assistant Engin- 
eer, cH. Go. of Ontario; 
Toronto. 

Discussion. 


* * * * 


A.M.E.U. Elections 


The elections of officers for the year 
1942 will be on Tuesday, February 
10th. Delegates will obtain their bal- 
lots when registering or before the 
opening of the convention session on 
the afternoon of that day. Imme- 
diately after that session opens, the 
ballot will be closed and the scrutineers 
will make their report before the ses- 
sion adjourns. ‘The ballots will show 
the following as candidates: 
President: 

V. A. McKillop, London, Acclama- 

tion. 

Vice-President: 
R. B. Chandler, Port Arthur; R. J. 
Smith, Perth. 

Secretary: 
S. R. A. Clement, H.E.P.C. of On- 


tario, Toronto, Acclamation. 
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Treasurer: 
he Ae Archers Lh. b:C. or, Ontario, 
Morontos Gs bie Conn; EE. 2 Cr of 
Ontario, Toronto. 
Directors (from the Membership at 
Large, Three to be elected) : 
A. W. Bradt, Hamilton; W. R. Cat- 
ton, Brantford; G. E. Chase, Bow- 
manville; A. L. Farquharson, Brock- 
wiles 11 Re Hatcher, Galt; A: B. 
Manson, Stratford; O. C. Thal, Kit- 
chener; P. B. Yates, St.. Catharines. 
District Directors: 
Niagara District— 
Homa beart, pot) homasssRh.s0; 
Reynolds, Chatham. 
Georgian Bay District— 
Re Ss), King, Midland; J. R- Mc- 
Linden, Owen Sound. 
Central District— 
C. A. Walters, Napanee, Acclama- 
tion. 
Eastern District— 
SeuyVeGannitt, Ottawassaw sb. 
Reynolds, Brockville. 
Northern District— 
R. H. Martindale, Sudbury; C. J. 
Moors, Fort William. 


ee AS RSP OD 


Hotel Rates 
The Royal York Hotel is giving the 


same convention rates as formerly, 
namely, $3.50 per person, single and 
$3.00 per person if two in a room. 


Ce te Ss as 


Reduced Railway 
Fares 


The associations have arranged for 
reduced railway fares for delegates and 
their families attending the convention 
of fare and one-third, plus 25 cents, 
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minimum round trip fare $1.25. Dele- 
gates will receive certificates with their 
convention notices which they will pre- 
sent when purchasing their tickets, and 
receive return tickets at the reduced 
rate. One certificate is required for 
each delegate, which will include mem- 


bers of his family as well as himself. 
Tickets will be sold from February 
6th to 11th inclusive, Return Limit, 
thirty days in addition to date of sale. 
Delegates are urged.to come to the 
convention by railway and thereby save 


gas. 
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